BULLETIN 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


MARCH 1934 


NATURAL GAS AND OIL IN INDIA' 


D. DALE CONDIT? 
West Los Angeles, California 


ABSTRACT 


Geological evidence warrants the conclusion that commercial amounts of gas are 
to be found in numerous places in Baluchistan, the Punjab, Assam, and Bengal. Sub- 
stantial amounts have been encountered in some of the wells drilled in search of oil, 
but no attempt has been made to utilize this gas, with the exception of small amounts 
utilized in some of the oil fields. 

The oldest strata showing direct manifestations of oil and gas are of Upper Cre- 
taceous age. Oil seepages have been noted in these and immediately overlying strata 
in Baluchistan and Northwest Frontier Province, and small quantities of oil have 
been produced from wells drilled into Cretaceous beds at Khattan in the Bugti Hills 
and from pits dug at Moghul Kot. In parts of Baluchistan, where seepages have been 
noted, the Upper Cretaceous strata consist of dark, Foraminifera-bearing shales, dark 
shaly ‘limestones, and interbedded sandy shales and sandstones. 

Elsewhere, not only in Baluchistan but also in all the potential oil and gas regions 
of India, the great objective horizons lie in rocks of Tertiary age. In the Punjab and 
Northwest Frontier provinces, the petroliferous beds are exclusively Eocene. In Assam 
the principal occurrences lie in formations probably ranging from Oligocene to Miocene 
in age; with one possible Cretaceous occurrence. In the broad Tertiary belt southward 
from Assam to the Bay of Bengal seepages of gas are found in almost all exposed rocks 
of the geologic column from the Miocene upward, but with very few showings of oil. 
Farther south in the same belt along the Arakan coast of Burma, oil seepages are plenti- 
ful in strata probably of Miocene age. 


INTRODUCTION 


This paper, dealing with parts of India other than Burma, supple- 
ments one by Dudley Stamp on Burma (p. 315). Although the subject 
specified is “gas,”’ this discussion deals with both oil and gas, since 
the two are commonly in close association under similar geologic con- 
ditions. The information set forth, though taken largely from pub- 


1 Manuscript received, September 24, 1932, for the Association’s symposium on 
the natural gas resources of the world—a volume whose scope was subsequently re- 
stricted to North America. The author of the manuscript on India has given permission 
for its publication in the Bulletin. 


2 Consulting geologist, 11,140 Montana Avenue. 
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lished reports of the Geological Survey of India, draws also on un- 
published data obtained by the writer and associates from 1919 to’ 
1927 while in the employ of the Whitehall Petroleum Corporation, 
Limited, London. 

Springs with bubblings of gas and related phenomena are widely 
distributed in India and, from time immemorial, have attracted the 
attention of the people, who have regarded them with mixed fear 
and reverence. Notable instances are those of Kangra, in the Punjab, 
and Sitakund, in eastern Bengal, where temples have been built over 
the seepages because the Hindus believe these to be a manifestation 
of the goddess Devi. Spectacular eruptions in the form of mud vol- 
canoes are prevalent in the coastal region of southern Baluchistan 
and on the sea bottom adjacent to the Arakan coast of Burma. 
Slightly saline springs, together with occasional bubblings of infiam- 
mable gas and oil, seen in the jungle regions of Assam and eastern 
Bengal, are of more or less geological significance. Such places are 
favorite haunts of elephants and other animals and are known as 
“pungs.”’ Seepages of gas under less conspicuous circumstances are 
plentiful in many parts of India. The various modes of occurrence 
and their geologic significance are discussed at length in the several 
regional memoirs by E. H. Pascoe, of the Geological Survey of India 
(17, 22, and 24 of bibliographical list at end of this paper). 


GEOLOGICAL SETTING 


The accompanying index map (Fig. 1) shows areas in India and 
Baluchistan occupied by formations of possible prospective value. In- 
folded strips of mountainous regions as well as isolated late-Tertiary 
‘basins are included, though of doubtful prospective value. The map 
also shows the broader geologic features, such as structure. 

Topographically the surface of India is divisible into three princi- 
pal provinces: (1) the great V-shaped peninsula of central and south- 
ern India, consisting largely of plateau and low mountain areas; (2) 
the Indus-Ganges Plain, a broad alluvial belt, mostly less than 500 
feet in elevation, extending across northern India from the Arabian 
Sea on the southwest to the Bay of Bengal on the southeast; and 
(3) the border mountains forming the frontiers on the northwest, 
north, and northeast. The Burma basin on the east is separated from 
India by a north-south mountain range and in turn is bounded on 
the east by the mountainous Shan Plateau. 

The Great Peninsula consists almost entirely of pre-Tertiary rocks, 
largely pre-Cambrian, with local thin veneers of late Paleozoic and 
Mesozoic rocks. This area has probably been a stable part of the 
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earth’s crust since ancient time, most of which, except locally and 
temporarily, has not been submerged beneath the sea. Within this 
area, tracts of sedimentary rocks as old as Cambrian have been sub- 
jected to little structural deformation and appear, locally, as gently 
dipping strata where preserved in down-faulted blocks. This great 
triangular area forms a part of ancient Gondwana Land, a great equa- 
torial continent believed to have been joined by land bridges with 
parts of Africa and Australia.* 

On the west, northwest, north, and northeast was an extensive 
mediterranean sea, the Tethys, which, with intermittent interruptions 
here and there through emer zence, occupied the extra-peninsular part 
of India and neighboring countries from late Paleozoic to mid-Ter- 
tiary time. Remarkably fine records of the marine Carboniferous, 
Permian, Triassic, and Jurassic systems are preserved in the western 
Himalaya with sufficient of the Cretaceous and Eocene systems to 
suggest that the incipient stages of mountain-making in the border 
regions did not begin until near the end of Cretaceous time. Eocene 
deposition occurred in more or less restricted embayments, as the sea 
withdrew from the sub-Himalayan region near the close of Eocene 
time. Progressive subsidence of this part continued, however, to the 
end of Tertiary time. During this subsidence enormous thicknesses of 
fluviatile sandy deposits, the Muree and Siwalik formations of north- 


ern India, were swept into the downwarped area partly from land 
areas on the south but chiefly from elevated areas on the north which, 
later, were in gradual process of uplift through tilting and faulting. 
The great period of deformation, with pronounced folding and thrust- 
faulting seen in the several oil regions, began at the close of Tertiary 
time. 


BALUCHISTAN AND SIND 
GEOGRAPHY 

Sind is a province in the southwestern part of India, occupying the 
lower Indus Valley region, in most of which elevations are less than 
300 feet. It is divided into several administrative divisions known as 
districts, and includes the native state, Khairpur. Sind is bordered 
on the west and north by Baluchistan, a hilly-to-mountainous region, 
divided into various independent or semi-independent tribal states, 
as well as districts. Mining laws are modeled on those of India. 

The geology of Baluchistan and Sind has been described in re- 
ports by members of the Geological Survey of India, particularly 

5 For paleogeographic maps of Gondwana Land, as believed to have existed during 


Permian, Triassic, Jurassic, and Cretaceous time, see: Cyril S. Fox, “Gondwana Sys- 
tem and Related Formations,”’ Memoirs Geol. Survey of India, Vol. 58 (1930), Pl. to. 
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Fic. 2.—Tectonic map of eastern Baluchistan and adjacent part of India. 
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Vredenburg (6) and Blanford (4 and 5), whose observations are in- 
corporated in the accompanying generalized map of the eastern parts. 
Natural gas resources are believed to be large, particularly in the 
southern part adjoining the Mekran Coast, where mud volcanoes are 
prevalent on the crests of numerous parallel anticlines, but where no 
oil occurrences are known. 


STRUCTURE AND STRATIGRAPHY 

The struc.ural axes are shown in Figure 2 (after Vredenburg, with 
modifications). The rocks composing the mountainous ranges of east- 
ern Baluchistan consist of a great calcareous succession ranging in 
age from Carboniferous to Oligocene, overlain by a thick sandy series, 
extensively preserved in the foothills. These strata have been folded 
in anticlines of rounded asymmetrical profile, steepened on the east 
flank and locally overthrust. Successively milder folding is the rule 
eastward, this applying particularly to Sind, where gently arched 
folds of the outer front in a region of low relief are composed at the 
surface of Eocene strata, with no overburden of the late Tertiary 
fluviatile Siwalik series, although those strata appear in thicknesses 
of 15,000 feet or more a little farther west along the foothill belt from 
approximately Latitude 27° northward. Very mild folding, seen also 
farther north in the isolated Eocene exposures at Khairpur, further 
suggests that, structurally, this belt is a part of the comparatively 
stable Gondwana platform upon which the Eocene as well as older 
calcareous succession overlaps with eastward thinning. The contrasted 
structure here, as compared with the folded hill ranges on the west, 
is well described by Vredenburg, who refers to this part as the ‘‘Vor- 
land,” mostly unaffected by folding (6, Pl. 11). 

In southern Baluchistan, westward from the Kirthar Range, struc- 
tural trends curve from northerly to westerly directions and parallel 
the coast, this structural trend persisting westward to the Persian 
Gulf. For a distance of 150 miles northward from this coast the out- 
crops consist almost wholly of a thick series of post-Eocene shales and 
minor amounts of sandstone. These strata have been folded into a 
characteristic type of structure; the crests of these folds have a sharp 
roof-like profile as contrasted with therounded crests of the more rigid 
strata in eastern Baluchistan. 

Comparison of the stratigraphical record in eastern Baluchistan 
and the Himalayan front shows fairly close resemblances as regards 
the late Cretaceous and early Tertiary, and, to a less extent, the late 
Tertiary fluviatile deposits, an exception being the southernmost part 


* Numbers in parentheses refer to Bibliography at end of article. 
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of the region, where brackish-to-marine conditions persisted much 
longer than in the north. For example, in the Punjab part of the 
ancient gulf, which presumably opened southward, there is no known 
record of marine conditions later than Eocene time, whereas marine 
intercalations in Oligocene and Miocene times appear increasingly 
from the Bugti Hills (Lat. 29°) southward. Structural resemblances 
are less pronounced, there being only moderate asymmetry as to pro- 
file with slight outward thrusting in Baluchistan, as compared with 
thrusting on a major scale in the Himalayan front ranges and in the 
Salt Range. The remarkable development of arcuate and embayed 
structural trends in Baluchistan presents an interesting field for study. 

This discussion of stratigraphy is restricted to rocks of Cretaceous 
and younger age, as there is no definite evidence of oil or gas occur- 
rences in older formations. 


GENERALIZED TABLE OF FORMATIONS, EASTERN BALUCHISTAN* 


Siwalik (Pliocene and Upper Miocene), 5,000-11,000 feet 
Sandstones, conglomerates, and silty clays, divisible into formational units of 
variable persistence, on basis of lithology; most of area is designated on map as 
“later Tertiary” 

Gaj (Miocene), o-1,500 feet 
Sandstones, shales and clays, interbedded with calcareous, marine, fossiliferous beds 
northward to Latitude 28°; ferruginous sandstones and conglomerates with mam- 
— and other bones farther northward to where these beds thin out in Bugti 

ills 

Nari (Oligocene), o—5,000 feet 
Sandstones and sandy shales, with calcareous marine-fossil beds in basal part; 
maximum thickness occurs in the Larkhana district, thin to absent in Bugti Hills, 
absent in Dera Ghazi Khan 

Kirthar series (Middle Eocene), 3,000-4,000 feet 
Nummulitic limestones and calcareous shales, more or less gypsiferous and locally 
bituminous; divisible into several formations of varying character and extent 

Laki series (Ghazij shales), (Lower Eocene), 500—2,500 feet 
Calcareous, foraminiferal shales with thin limestone beds, gypsiferous clay shales, 
local sand-shale, lignitic facies, some of which are very thick; Dunghan limestone 
at base o-1,500 feet thick, which marks basal Tertiary in northern part, where it 
rests on shales and sandstones of Pab formation (Upper Cretaceous) 

Ranikot series (lowest Eocene), o-2,000 feet 
Restricted to southernmost part. Fluviatile, carbonaceous sandstone in basal part 
and calcareous, fossiliferous sandstones above 

Deccan Trap (Upper Cretaceous) 
Basaltic flows and agglomerates present locally in southern part and presumably 
related to extensive basaltic intrusions and extrusions on west side of Kirthar 


Pab sandstones and shales (Upper Cretaceous), 3,000~5,000 feet 
Lower massive, clean, quartz sandstones, overlain by alternating sandstones and 
sandy-to-calcareous foraminiferal shales, of shallow, marine origin. These are 
petroliferous strata in eastern Baluchistan 

Shales and limestones (Lower Cretaceous) 
Light pete som eae splintery shales and porcelaneous limestones, seen only in 
deepest eroded parts of Sulaiman and other ranges 


* The omnes ' corrections given in the table are based, in part, on paleontological studies by 
W.L. F. Nuttall (12, 1 
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Age of petroliferous beds.—A few further remarks are required re- 
garding the rocks which yield oil in eastern Baluchistan. E. S. Pinfold 
(16) tentatively suggests that the main seepages in Baluchistan and 
the Punjab are from an identical horizon. In the northern part of the 
Punjab, the oil issues from white, chalky, gypseous limestones, the 
“‘passage”’ beds, lying immediately above the “Hill limestone,” a mas- 
sive, cherty formation with a maximum thickness of nearly 1,500 feet, 
and tentatively correlated by Pinfold with the Dunghan in Baluchis- 
tan. 

Pascoe (17, p. 483) remarks that the vast majority of oil seepages 
issue from the “‘passage” beds, and surmises that the oil originated 
in the underlying nummulitic limestones. The Cretaceous system here 
is thin and apparently neither Pascoe nor Pinfold regards it as a 
source zone. 

In several Baluchistan occurrences, the oil issues from the top of 
the Dunghan limestones, but local conditions indicate an origin in 
the underlying Cretaceous strata, on which the Dunghan lies uncon- 
formably. At Khattan and Gokurth the faulted condition of the lime- 
stones may facilitate vertical migration. Five miles east from the seep- 
age on the north flank of Khattan anticline at Des Valley, ina deeply 
eroded amphitheater, beds stratigraphically 2,000 feet below the 
Dunghan limestone are exposed. The limestone is locally less than 100 
feet thick and underlying strata consist largely of dark shale together 
with impure, fossiliferous limestones, clay shales, and a few sand- 
stones. Fossils from horizons ranging from 400 to 1,000 feet below 
the Dunghan include orbitoid Foraminifera, a form of Upper Cre- 
taceous age according to T. Wayland Vaughan.® 

Pitch exudations were found in these same beds, and ether cuts 
were obtained from strata approximately 2,000 feet below the base 
of the Dunghan limestone. This evidence supports strongly the idea 
of an origin in Cretaceous rather than younger strata.® 

Stratigraphy of southern Baluchistan.—West of the Kirther lime- 
stone ranges in southern Baluchistan, is a great area which Vreden- 
burg restricts to “one geological formation, a monotonous series of 
folded sandstones and shales of greenish colour” (6). Higher parts of 

5 Communicated by letter through the director, United States Geological Survey, 
June 20, 1922. 


* E. S. Pinfold, of the Indo-Burma Petroleum Company, in a letter dated May 5, 
1933, questions this view as follows: “I think the water table plays an important part 
in the occurrence of oil seepages and that the seepages at low horizons such as you 
mention are due to the migration of oil across porous or fissured limestone formations, 
to appear at the surface along an underlying shale bed. . . . I think the above is the 
only satisfactory a ~ of seepages in Cretaceous or "Jurassic rocks at Khattan, 
Moghul Kot and Kun 
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the section near the coast include the Hinglaj sandstones, white, 
friable beds, several thousand feet thick; lower parts consist largely 
of slightly consolidated, easily eroded, clay shales. The white sand- 
stones are regarded as Lower Miocene in age. The scarcity of fossils 
has prevented age determination of the underlying shales, but Vreden- 
burg regards them as probably the equivalent of the Gaj. Denudation 
has produced a peculiar topography in this region, with rugged hills 
of sandstone in the synclinal areas and valleys of shale along the anti- 
clinal axes. Thicknesses, though unknown, may be great, because al- 
most no outcrops of Eocene limestone have been noted in a broad belt 
150 miles in width from north to south which extends westward a 
distance of more than 500 miles into Persian Baluchistan, a region 
in which the post-Eocene formations lie in successive parallel folds 
with east-west trends. 


SEARCH FOR OIL AND GAS 


The several oil seepages in northeastern Baluchistan have been 
known since 1880. These and near-by localities were described at ap- 
proximately that time by Oldham and other members of the Geolog- 
ical Survey of India (10). Ideas concerning conditions governing the 
mode of occurrence have changed greatly since that time and the re- 
ports are, in certain respects, obsolete. Early development was con- 


fined to shallow wells located near seepages where conditions are, for 
one reason or another, unfavorable for the presence of large accumu- 
lations. A few geologically located wells have been drilled in late years 
without success, though, in nearly every case, such wells have been 
drilled to objectives in the basal Eocene or Upper Cretaceous. 


CONDENSED SUMMARY OF OIL OCCURRENCES 


Moghul Kot 
Active seepages of light oil on east slope of Sulaiman Range in Northwest Frontier 
Province a few miles outside border of northeastern Baluchistan; local geology 
described by La Touche (8) and others. Oil issues from lower part of eastward 
dipping sandstone forming east flank of anticlinal mountain range; age of beds 
ome Pab formation. Oil has been derived in small way from pits dug in river 


Khattan 
Seepages of dark oil, heavy as water, rise in springs on fault-shattered, plunging 
nose of large mountainous anticline, faced with dip slopes of Dunghan limestone. 
One or more ravines on higher part of structure cut through oil horizon, which is 
seen to consist of calcareous sandstones interbedded with dark, richly bituminous, 
fossiliferous shales, lying 400 feet or more below base of Dunghan limestone. Fos- 
sil determinations indicate Upper Cretaceous age. About soyearsago Public Works 
Department drilled group of wells to depths of 500 feet or less near seepages from 
which total daily production of several hundred barrels of oil was obtained for 
short period. For description of activities see Townshend (9) 

Gokurth 
Seepage of heavy, dark oil rising in spring near fault on northward plunging anti- 
clinal ridge of Dunghan limestone; situation 25 miles westward from Sibi in Bolan 
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Pass region. Drilling on near-by anticline where seepage horizon lies at depth ¢” 
1,000 feet has not been carried to sufficient depth for a test 

Sanni—Sulphur Mines 

bout 45 miles southwest of Sibi, sulphur occurs as impregnation in breccia along 

fault of large throw, in which Nari sandstone lies against Upper Siwalik beds. In 
old workings, oil is reported to have dripped from roof and was collected and used 
for fuel in purification of sulphur, as described by Hutton (7). There is no evi- 
dence as to source, but it may have risen from considerable depths with waters of 
sulphurous thermal springs. Local geological details described in report by W. L. 
F. Nuttall. 

Khairpur 
La Touche states that iridescent films of oil were seen on surface of water in pit 
dug at Saleh Mangrio, a few miles northwest from Khairpur (11). Near-by out- 
crops of nummulitic limestone suggest presence of large, gently arched, anticlinal 
dome with Ghazij shales as lowest strata exposed. With thickness comparable 
with those in nearest outcrops 100 miles westward and northward in hills of 
Baluchistan, Upper Cretaceous sandy horizons should lie within moderate drilling 
depths. A few years ago a well is reported to have been drilled at location selected 
by Burmah Oil Company with unfavorable results. The depth is reported to have 
exceeded 4,000 feet and to have penetrated Mesozoic strata, as proved by fossils. 
Many years earlier the Government made attempt at drilling and reached depth 
of 1,500 feet, but location, at Sukkur, was not well placed 

Karachi 
B. Krookshank (15) describes well drilled to 815 feet for water near Karachi, 
in which oily scum was reported by engineer in charge. Weathered cores tested 
for oil residue months later failed to show any. Evidence appears inconclusive 

Dera Ghazi Khan 5 
Outcrops of middle part of Nummulitic series, along Zinda Pir anticline, in central 
part of Dera Ghazi Khan District, contain beds of gypsum and lean oil shales 
which, on distillation test, yield 10 gallons of oil per ton, and samples show ether 
cuts 


So far as can be deduced from the stratigraphical and geographical 
distribution of oil occurrences, rocks of Upper Cretaceous and basal 
Eocene age offer fair prospects in the hills of northeastern Baluchistan. 
Still deeper horizons may warrant testing in areas of less pronounced 
structural deformation, but the probable eastward thinning of forma- 
tions, with numerous stratigraphical breaks, may have an unfavor- 
able bearing. Within the Eocene are localized sandy facies with lig- 
nitic shales which may contain favorable zones. In large areas of the 
Eocene, however, there are no known porous sandy strata to be re- 
garded as suitable reservoir rock. Whether or not the limestones are 
locally of open, porous texture is unknown. Gas in commercial quan- 
tities may be anticipated in lower parts of the Siwalik where struc- 
tural conditions are favorable; likewise, the Nari and Gaj formations 
in more southern areas, where these strata are present and well de- 
veloped. 

In the Mekran Coast, geological conditions are decidedly different 
from those in eastern Baluchistan. The broad belt of clay shales and 
sandstones extending westward for many hundred miles, and possibly 
the depositional equivalent of the Nari and Gaj, offers a great field 
for exploration with probability that gas can be discovered in quanti- 
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ty. Although no oil occurrences have been reported, strata which 
probably should be correlated with the Mekran beds are reported to 
be petroliferous adjacent to the Strait of Hormuz, 600 miles west of 
Karachi. The intervening region is comparatively unknown, geologi- 
cally. 

Observers report a prevalence of mud volcanoes in places where 
the anticlinal axes lie along shale valleys. The cones are commonly 
100 to 300 feet high and give forth salty water, liquid mud, and in- 
flammable gas (1, 2). A sample of gas from a locality 15 miles north- 
east of Ormara was analyzed by Christie (3), who found members of 
the paraffine series with a higher carbon content than marsh gas. His 
analysis follows. 


ANALYSIS OF GAS FROM MUD VOLCANO NEAR ORMARA 
Per Cent 


Methane 74.5 Carbon dioxide 1.4 
Ethane 8.9 Oxygen 0.7 
Unsaturated hydrocarbons 0.7 Nitrogen 13.8 


The only locality where drilling has been attempted on the Mekran 
Coast is the Chandragup anticline at the mouth of Hingol River, 
about 50 miles east of Ormara. Efforts were carried on for several 
years by the Burmah Oil Company without reaching more than 
moderate depths, probably less than 2,500 feet. 


PUNJAB AND NORTHWEST FRONTIER PROVINCE 


GEOGRAPHY 

Punjab Province lies northeast of Baluchistan and is bordered 
on the west by the Northwest Frontier Province, which adjoins 
Afghanistan. Northwest Frontier Province is a hilly-to-mountainous 
region. 

The geography and the geology of this region are shown in Figure . 
3- Most of the Punjab except the northwest part is a featureless 
alluvial plain only a few hundred feet above the sea. The outermost 
mountains, the Salt Range, rise to average elevations of 3,000-4,000 
feet, with steep south slopes and comparatively gentle north slopes 
which merge into a broad plateau region, ranging from 1,200 to 2,400 
feet elevation, the Potwar Plateau, which structurally is a syncli- 
norium. The successive parallel hill ranges north of the plateau, with 
intervening alluvial valleys, are foothills of the Himalaya, produced 
by folding and up-faulting which characterizes this entire front, from 
the Punjab eastward to upper Assam. 

The Tertiary strata in northeastern Baluchistan extend north- 
ward in a narrow belt along the Sulaiman Range into the Northwest 
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Frontier Province, curving eastward and broadening in their exten- 
sion through the northwest Punjab oil region. Oil and gas seepages 
are widely distributed and early led to minor development, practically 
all of which, as late as 1914, was without sound geologic guidance. 
More than 30 years earlier, excellent pioneer work had been carried 
on by Wynne (18), whose maps are true representations of the general 
geological structure. Khaur, the one producing field in the Punjab, 
lies along a “‘structure’’ mapped by Wynne, who failed, however, to 
note the presence of an oil seepage, discovery of which led to drilling 
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Fic. 3.—Map of northwest Punjab oil region. 


in 1914. E. S. Pinfold, responsible for this discovery, has summarized 
the geology of the northwest Punjab oil region in a paper published 
in 1918 (16). Two years later an account by Pascoe, a modern and 
able presentation, appeared (17). Much has been published on the 
complicated structure of this region, some of which is based on con- 
ceptions now discarded. Robert Anderson (19) and J. M. Weller (20) 
give concise summaries of present views. Weller, assistant to B. R. 
MacKay, carried on geological investigations in this region, and 
Anderson reviewed certain phases of the work. 


STRUCTURE AND STRATIGRAPHY 

The stratigraphical column in northwest Punjab includes only a 
slight development of Cretaceous rocks, partly marine, a substantial 
thickness of Eocene rocks, largely marine, and immense thicknesses 
of post-Eocene fluviatile deposits, the Murree and Siwalik series. 
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Gradual uplift in the Himalayan region, near the close of Cretaceous 
time, initiated the sub-Himalayan trough, an arm of Tethys Sea ex- 
tending into the Baluchistan-Sind region on the southwest, and into 
the Assam region on the east. In this sea were deposited basal Eocene 
shaly sands and overlying calcareous, nummulitic beds in thicknesses 
varying from a few hundred to more than 1,500 feet, with maximum 
thicknesses in extreme northwestern parts of the Punjab. The forma- 
tion known as the “Hill limestone”’ consists of massive, cherty beds, 
parts of which are characterized by Nummulites. Above these were 
fresh-water and marine alternations in Upper Eocene time, locally 
1,500 feet thick—the ‘‘Passage beds” consisting of variegated shales, 
nummilitic shales, and thin-bedded limestones, the youngest marine 
strata in the entire region. Erosion following extensive elevation and 
faulting removed much of the Upper Eocene deposits, especially in 
the areas farther south. Preservation of the thick, ferruginous “salt 
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Fic. 4. —Diagrammatic cross section from Himalaya south to Salt Range, 
illustrating several structural zones. 


marls,”’ probably of Upper Eocene age, along the south base of the 
Salt. Range, and beneath overthrust Paleozoic rocks, as well as in 
localized down-faulted blocks on the north slope of the Salt Range, 
leads to the inference that the regional overthrust which character- 
ized this range began in late Eocene time.’ At nearly this same time, 
elevation with possible up-faulting occurred along the Himalaya; ac- 
tive erosion supplied the sandy materials of the maroon Murree 
formation, deposited about 7,000 feet in the northern foothill region 
and thin to absent along the Salt Range. In later Tertiary time sedi- 
mentation was more widespread with sediments derived chiefly from 
the north and to a lesser extent from Gondwana Land also, the 
materials being composed largely of sands, and variegated silty clays 
and conglomerates. Thicknesses ranging from 10,000 to 15,000 feet, 
of these later deposits, known as the “‘Siwaliks,” have been measured 
at many places. This series, mostly of continental origin, with few 
7 Some geologists still question the Eocene age of the salt beds in the Salt Range. 

C. S. Fox, of the Geological Survey of India, sets forth arguments in support of a 
pre-Cambrian age for these beds (25), thus reviving the ideas extant 30-40 years ago, 


nae | Wynne and others suggested early Paleozoic to pre- -Cambrian age. Those wishing 
a review should read the report by Fox and the memoir by Pascoe (17, pp. 358-371). 
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fossils other than bones, is readily divisible into several formational 
units on the basis of lithology, some of which units are persistent in 
large areas. The great period of mountain-building with folding and 
faulting occurred at the close of Tertiary time when the sediment- 
filled trough was greatly compressed and faulted in the northern part 
with successively milder deformation southward. Rapid penepla- 
nation followed. Elevation of the Salt Range produced temporary 
ponded conditions between it and the Himalaya. Mild deformation 
has persisted to the present. 

Briefly the structural divisions of the region from north to south 
are described by B. R. MacKay as follows (Fig. 4): 
(1) the great Himalayan thrust zone within which pre-Cambrian rocks are 
thrust-faulted against Eocene rocks, the movement being as much as 10,000 
feet; also isoclinal folding; (2) the fault-fold zone, a belt co-extensive with 
the outcrop of the Murree formation and extending southward in the Siwalik 
belt as far as Khaur; this zone displays fairly broad synclines and sharp 
thrust-faulted overturned anticlinal rudiments, which are successively less 
displaced southward and only moderately at Khaur; (3) the Soan syn- 
clinorium, co-extensive with the Potwar Plateau, a broadly synclinal region 
with a few scattered folds in Siwalik beds; (4) the Salt Range monocline, the 
north slope of Salt Range composed of strata of northward dip but with local 
undulations; and (5) the Salt Range anticlinorium, the south flank of which 
is concealed and believed to have been overridden by southward thrusting 
of the north flank. From Indus River eastward to beyond the seventy-third . 
meridian the range forms a single anticlinal structure, but farther east it 
divides into three prominent spurs: the Bakrala anticline, the Mount Tilla 
anticline, and the Kharian anticline. 


OIL AND GAS 

Petroliferous horizons.—In northern localities where the massive 
Eocene limestone is overlain by shaly transition beds, the oil seeps 
from shaly limestones a little above the top of the massive “Hill 
limestone.” But there are exceptions where structure complicates 
conditions; for example, in the Khaur oil field, where oil is found in 
several thousand feet of Murree beds, into which it has presumably 
migrated by upward movement along one or more longitudinal faults 
which traverse the anticline. Along much of the Salt Range where 
the transitional shaly beds of Upper Eocene age are absent and the 
massive limestone is overlain directly by Siwalik sandstone, the oil 
commonly rises along the contact, or along beds just above the con- 
tact. Varying concentrations of dry, oily residues within laminae 
of cross-bedded sandstones suggest active seepages in ancient times, 
contemporaneous with deposition of the basal Siwalik beds. Mani- 
festations of oil as well as gas also are noted in the salt-bearing strata 
along the south side of the Salt Range. 


7 


NATURAL GAS AND OIL IN INDIA 297 


Distribution of occurrences.— The geology in the vicinity of the 
numerous oil seepages has been described by various observers, no- 
tably Pascoe (17). In the northern, fault-fold zone, coextensive with 
the outcrop of the Murree, seepages are abundant from the trans- 
Indus region eastward to the vicinity of Rawalpindi. Almost without 
exception these seepages rise from the shaly beds between the massive 
Eocene limestone and the top of the Eocene, the horizon being the 
same whether the beds lie in normal attitude or overturned. In north- 
ern localities the occurrences are usually along the lower slopes of 
faulted, eroded anticlines. In the Salt Range, the seepages are com- 
monly restricted to the homoclinal zone near the contact of the Siwalik 
formation with the underlying massive Eocene limestone; the more 
profuse seepages tend to occur where the strike of the beds is curved 
in a broadly arcuate manner, as in the portion a little east of longi- 
tude 72°. 

The easternmost seepages in the Salt Range are found at about 
72° 20’ and manifestations farther east consist merely of oil-stained 
sands and dry oil residues along faults, together with a few showings 
of gas. This eastward absence of active oil seepages, considered to- 
gether with a similar absence in the northern region opposite Rawal- 
pindi, suggests that a line can be drawn in a northeasterly direction, 
east of which the conditions have not favored the presence of oil and 
its preservation. Although no oil seepages are known east of this 
line, there are active showings of gas at various points, for example, 
in the vicinity of Kangra (Longitude 76°16’).® 

Origin of oil and gas.—Some observers, impressed with the fact 
that, in almost every instance, the oil rises from thin-bedded lime- 
stones and shales a little above the massive limestone, incline to the 
view that the oil is indigenous in these shaly strata. Others believe 
the massive limestones are the source, influenced perhaps by the fact 
that much of this limestone has a dark, bituminous appearance. 
Pascoe (17, p. 348) mentions the occurrence of gypsum and coal in 
the Cardita beaumonti beds at the base of the Lower Nummulitic in 
parts of the Salt Range and states that “oil may have been formed 
as early as this, though there is no definite evidence to show that it 
was.” Elsewhere (p. 484) he states: 

It is a significant fact that when the oil horizon can be definitely recognized, 
it is, with the exception of Khaur, always found to belong to the Lower 
Chharat stage. When the latter is missing, as most of it seems to be along 


the northern margin of the Salt Range, the oil is found along the plane of 
unconformity which represents this absent stage. 


8 C. S. Middlemiss describes a dome in this region in the east, known as the Kotli 
dome, Punch Valley, Jammu Province, and discusses oil possibilities (21). 
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More recently E. Parsons has published a paper (28), dealing with 
the widely distributed oil occurrences and suggesting that the oil 
originated in basal beds of the Eocene. Apparently some of his views 
are not accepted by Pinfold as revealed in discussion (29). 

Although the evidence for origin in Eocene strata is strong, and 
such as to favor its having migrated from the massive limestones of 
the lower portion, or perhaps from shaly to sandy strata of estuarine 
origin in the basal portion, there is a possibility of some oil also hav- 
ing been derived from still older formations. The writer surmises that 
the persistent localization of the oil seepages at about the same hori- 
zon may be incidental, caused by the capping of shaly limestones and 
clays, rather than a proof of origin in closely associated strata. Events 
of geologic history somewhat as follow, have a bearing on this problem. 

During Jurassic, Cretaceous, and Eocene times, the orogenic his- 
tory was one of intermittent slight elevation and subsidence, with 
shifting shore lines, but with comparatively little structural defor- 
mation. Depositional conditions favoring the accumulation of materials 
such as are thought of as source beds were not restricted to the Eo- 
cene. For instance, the Middle and Upper Jurassic, which are best 
developed in the western part, comprise calcareous marine and car- 
bonaceous, sandy strata, locally coal-bearing. Coal, reported to be of 
Jurassic age, is mined at Kalabagh, in the western part of the Salt 
Range. Cretaceous strata, though widely distributed, are thin and 
consist largely of sandy, carbonaceous shaly materials so closely con- 
formable with the Eocene beds that differentiation is difficult. 

Structural deformation previous to the close of the Eocene was 
too slight to favor upward migration of hydrocarbons into zones sub- 
stantially younger than those in which they originated. At the close 
of Eocene time, however, mountain-making processes with uplift, 
folding, and local faulting, set in, to a moderate degree, in the Him- 
alayan region and in the Salt Range region and were repeated inter- 
mittently to the end of Tertiary time when major diastrophic events 
occurred. Ample evidence of the late Eocene deformation is found 
along the Salt Range, consisting of warping, faulting, and subsequent 
erosion previous to Siwalik deposition. It is believed that this late 
Eocene deformation permitted upward migration; seepages of oil 
probably became active along the eroded surface contemporaneous 
with deposition of the sandy materials of the basal Siwalik. More 
extreme diastrophic processes coming at the end of the Tertiary in- 
duced lateral migrational adjustments during which appreciable a- 
mounts of oil and gas also found their way upward into the Siwalik 
(or Murree where present), much of which have been lost subsequent- © 
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ly by active artesian circulation. Locally along the monoclinal front 
of the Salt Range viscous residues are seen along joint planes, bedding 
planes, and within the layers of sandstones several hundred feet above 
the base of the Siwalik. 

Khaur field—Development of this field, situated about 40 miles 
southwest from Rawalpindi, was started about 1914 by the Attock 
Oil Company. After about 10 years, when sufficient production had 
been obtained to warrant a refinery, one was constructed at Rawal- 
pindi, with a pipe line to the field. In 1929, the production was 
480,222 barrels, with similarly substantial amounts in the years im- 
mediately preceding. In 1930, the amount fell off by about 60 per 
cent to 191,249 barrels, due, according to the director of the Geo- 
logical Survey of India (23), partly to failure to find new oil-produc- 
ing zones above 4,200 feet, and partly to the fact that none of the 
five wells still drilling to the 4,600- and 4,800-foot zones had reached 
its objective, because high gas pressures retarded drilling. In 1931, 
the production fell further, to 138,806 barrels. Two tests had been 
drilled to depths below 5,000 feet, one in the western portion being 
5,670 feet. No promising sands had been encountered below the 
4,800-foot zone. 

Structure of the Khaur field is an asymmetric fold of east-west 
trend, with dips of about 45° on the north flank and 25° to 35° on the 
south flank. The axial part is cut by one or more high-angle faults of 
easterly trend with the south side down; this locality is situated in 
the outer part of the fault-fold zone of the Himalayan foothills. The 
oil is obtained from numerous sands in the Murree formation found 
at various depths and it is probable that the oil moved upward into 
these faulted strata from the Eocene zone, which, so far as known, 
has not been reached in wells. Geological conditions are set forth by 
Pascoe (17). 

Significant test wells elsewhere. Dhulian.—A few miles southwest 
of the Khaur structure and separated from it by a structural saddle 
is the Dhulian structure, a more open, attractive appearing, elongated 
dome with comparatively little faulting. Drilling will be deep here, 
not only because the surface rocks are substantially younger than at 
Khaur, but also because it is probable that vertical migration of the 
oil has been much less than at Khaur. Development has been re- 
tarded by high-pressure water sands, and productive horizons have 
not been encountered down to a depth of 3,300 feet. 

Kharpa.—Sixteen miles west of Khaur is a faulted, compressed 
anticline which was drilled by the Burmah Oil Company several 
years ago without reaching the oil-bearing zones. 
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Jhatla.—Thirty-two miles southward from Khaur, near the homo- 
clinal zone of the Salt Range, is a large, gently arched, elongated 
dome which was tested by the Whitehall Petroleum Corporation, 
Ltd., in 1925. Drilling started in Middle Siwalik beds and the Num- 
mulitic limestone was reached at a depth of 5,925 feet without en- 
countering more than traces of oil or inflammable gas. Development 
and geological conditions are set forth by Robert Anderson (19). 

Ghabir River—About 15 miles southwest from Jhatla, on the 
slopes of the Salt Range, are numerous oil seepages issuing along the 
contact of Eocene beds with the Siwalik. Here there is a slight north- 
ward bow in the monoclinal structure with northward dips of 12°- 
25°. The Indo-Burma Petroleum Company drilled a test well at a 
point slightly down dip from the seepages, without favorable results. 

Further possibilities—In both the Northwest Frontier Province 
and the Punjab are structures of possible value which have not been 
drilled. Some are of doubtful promise because of compressed folding 
and faulting, or because they are too deeply eroded; others, though 
attractive structurally, lack attraction for certain other reasons. 
Some of the deeply buried structures adjacent to the eastern part of 
the Salt Range seem to offer promise of gas, but less promise of oil 
for the reason that they lie outside of the area of oil seepages. The 
unfavorable results at Jhatla do not necessarily condemn possibilities 
on other structures adjacent to parts of the Salt Range farther east, 
because the absence of oil and gas at Jhatla may be due to lack of 
sufficient structural closure on deep horizons, although the surface 
rocks are folded into a domal structure with moderate structural 
closure. 


ASSAM PROVINCE 


GEOGRAPHY 


Assam Province lies in the extreme northeastern part of India. 
On the north are the Himalaya rising abruptly from the lowlands 
of the Brahmaputra Valley, and on the southeast, the Naga Hills 
and other mountainous ranges, beyond which lies the basin of Burma. 
Southward the Naga Hills merge into the Lushai Hills and the several 
ranges of Tripura State, which in their more southerly extension are 
known as the Arakan Yoma. In central Assam is an east-west trend- 
ing mountain group, the Garo, Khasi, Jaintia and Mikir Hills, sur- 
rounded on almost all sides by alluvial plains of the Ganges and 
Brahmaputra river systems. 

The literature is scant and restricted chiefly to briet accounts of 
journeys along some of the routes of travel, together with reports 
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on certain coal and oil occurrences. The memoir by Pascoe, published 
in 1914 (22), is a short description of observations by himself and 
earlier workers. The accompanying map (Fig. 5) is based on the map 
in his report, with modifications. 


STRUCTURE AND STRATIGRAPHY 


Assam, from north to south, is divisible into several structural 
as well as geographic divisions, as follows: (1) the Himalayan front, 
a complex fault zone with Paleozoic and pre-Cambrian rocks upthrust 
against faulted and tightly compressed Tertiary strata, the Tipam 
series of Pascoe, comparable with the Siwaliks-of the Punjab; (2) 
the alluvial belt of Brahmaputra Valley, 20 to 50 miles wide and wid- 
est in the northeastern part; elevations approximately 500 feet; (3) 
the east-west trending Garo-Mikir range, of which the western part 
is a dissected plateau spoken of as the Shillong Plateau; an alluvial 
gap separates this portion from the Mikir Hills; summit elevations 
range from 5,000 to 6,000 feet; the rocks are largely granitic gneiss 
overlapped in the southwest part by Cretaceous strata; (4) a homo- 
clinal belt of southerly dipping Cretaceous and Tertiary strata along 
the south side of these hills; steep dips in the western part and gentler 
eastward; local undulations as well as faulting; (5) a synclinorial belt 
which terminates on the southeast in one or more zones of high-angle 
thrust faulting toward the northwest (the “boundary thrust” of 
Pascoe), in front of which are asymmetrical variably compressed 
folds with steepened north flanks and more or less faulting; (6) the 
Disang series, a broad belt composing all of the ranges southeastward 
to the Burma basin; dark shales, sandstones, slates, and phyllites, 
with intrusions of peridotite in the southeastern part; structurally 
anticlinorial; largely unexplored. 

During Cretaceous and early Eocene times the shore of Tethys 
Sea, so far as the peninsular portion of India was concerned, followed 
a line much the same as the present east coast. It extended eastward 
through the Garo Hills, the Mikir Hills region, and thence northeast- 
ward into the upper Burma region with no certainty of a land barrier 
between Assam and Burma until somewhat later. Parts of the early 
Cretaceous surface are well preserved in the Shillong Plateau region, 
where marine Cretaceous strata lie ona gently sloping floor of crys- 
talline and older sedimentary rocks. Eastward along the Mikir Hills 
front these Cretaceous strata are overlapped by the Eocene lime- 
stones. 

Eocene to late Pliocene time appears to have been a period of 
deposition in a narrowing embayment with conditions varying from 
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estuarine to fluviatile. Sedimentation, with down-warping toward the 
southeast, led to accumulations exceeding 15,000 feet in thickness 
in central Assam and as thick as 20,000 feet in the southern portion. 
Moderate elevation in the region on the north probably occurred at 
the close of Eocene time. 

The great mountain-making periods, including the uplift of the 
Himalaya, came much later in conjunction with similar events in the 
Punjab. The Assam basin of deposition, already trough-like in pro- 
file, with a land barrier on the southeast separating it from the Burma 
basin, now assumed the form of a geosyncline with gently homoclinal 
dips in the northwest portion, where the rigid granite floor lay at 
shallow depths, and with mild undulatory folding toward the south- 
east, succeeded by sharper folding, asymmetric in profile, with over- 
turning toward the northwest. Deposition persisted in the synclinal 
basins until comparatively recent times with probable localized pound- 
ing of drainage lines brought about by progressive folding and fault- 
ing. The latest deposits show only slight deformation and lie dis- 
cordantly on all older formations. Structural trends show a gradual 
change from northeasterly to southwesterly in upper Assam, and to 
southerly in lower Assam, this being applicable to the folding of the 
southeast side adjacent to the boundary fault zone. Opposing trends 
occur, however, in the region 5 to 15 miles northward and northeast- 
ward from Silchar, lower Assam, where the steeply dipping beds of the 
east-west Khasi Hills front suddenly bend northeastward and flatten 
to gentle slopes, such as seen along the Jaintia and Mikir Hills. Im- 
mediately south of and opposite this bend the structure assumes a 
highly complicated character with probable faulting. 

It is surmised that the elevation of the Garo-Mikir Hills range was 
one of the later events in the mountain-building period and that it 
may have taken place after the northeasterly trending folds were 
well advanced. This is suggested not only by immature topography 
but also by details of structure opposite the Jaintia Hills, where the 
east-west trends encounter those of northeasterly trend. Possible 
thrusting from the north may explain the complicated structure in 
the northern part of Surma Valley a few miles north of Badarpur, 
with faulting of this type grading westward into the zone of steep 
south dips characteristic of the south side of the Garo and Khasi 
Hills. 

LIST OF FORMATIONS ACCORDING TO PASCOE (22) 


Alluvium (Recent) . 
Older Alluvium (? Pleistocene) 
Tipam Sandstone and Dihing Beds one Pliocene) 
Sandstone, massive, ferruginous, also silty clays, shales and conglomerates; prob- 
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ably mostly fluviatile; characterized by local abundance of lignitized and silicified 

wood. Formation is regarded as comparable with Irrawadian of Burma. 
“Coal Measures” (Miocene or Miocene and Oligocene) 

Alternating shales, sandstones and coal, with a few calcareous layers; comparable 

with Pegu series of Burma but containing few fossils other than plant impressions 

Oil-bearing series of Assam 
“Nummulitics” (Eocene) 

Nummulitic limestone occurring along south side of C aro-Mikir Hills, locally coal 
Bieneanie (age unknown but probably including some Cretaceous and possibly some 

oe ll series of shales, slates, and phyllites, some hard sandstones, com- 

posing mountain ranges of Assam-Burma frontier over a width of 50~6o miles; 
serpentine intrusions on eastern border 

The foregoing generalized table of formations by Pascoe is ampli- 
fied in his memoir with details of local stratigraphy in areas studied 
by him. Rather than follow his classification, the writer prefers to set 
forth observations based on regional studies in middle and lower 
Assam by himself and associates, including W. J. Wright, L. G. Weeks 
and F. B. Notestein. 

Stratigraphy in central Assam adjacent to Mikir Hills region.—The 
granitic Mikir Hills are bordered on the south by gently dipping 
nummulitic limestones which are more or less sandy and thinner 
than along the outcrop on the southwest. These beds are overlain 
conformably by thin-bedded sandstones, sandy shales, and carbo- 
naceousshales, with some calcareous, fossiliferous layers hereand there, 
the aggregate thickness probably ranging from 1,200 to 1,800 feet. 
These strata probably are in part equivalent to the “Coal Measures” 
of upper Assam. The next higher formation is massive sandstone, 
thick-bedded and medium- to fine-grained, with occasional shaly mem- 
bers which commonly are carbonaceous. The full thickness of the 
formation is not evident along this front because it, as well as all 
older formations, is overlain unconformably, and irregularly over- 
lapped, by silty shales of a much younger formation which, with a 
still higher “fossil wood” ferruginous sandstone formation, occupy 
synclinal areas here and eastward. Southwest from here, however, 
in the hills of north Cachar District, are complete exposures in a 
broad belt 10 to 20 miles wide, with thicknesses of 5,000 feet and more. 
This sandstone formation composes the irregular-shaped, Hatikhali 
anticline a few miles south of Lumding Junction, and the name 
Hatikhali sandstone has been applied to it. It is seen in numerous 
cuts along the railway southward from Lumding for a distance of 
about 28 miles to the vicinity of Mupa Station, where the railway 
crosses onto overlying shales in a broad synclinal belt southeast of 
which is a faulted anticlinal ridge along which sandstones of older 
formations again appear. 
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Details along Naga Hills ——These hills border the central and up- 
per Assam valley on the southeast, rising more or less abruptly to 
elevations of 2,000 feet or more, in successive southeastward dipping 
strike ridges of sandstone. The outer ranges constitute a structural 
and stratigraphical unit from the hill section of the Assam-Bengal 
Railway in Cachar District northeastward for more than 200 miles. 
Along them are a number of overturned anticlinal folds, some of which 
are petroliferous. 

The principal rivers draining the mountainous areas on the south- 
east flow northwestward across the Naga Hills and their gorges reveal 
splendid exposures of the rocks. Typical profiles show complicated 
anticlinal structure along or near the outer margin of the hills, with 
steep dips and overturning toward the northwest, and local thrusting. 
Southeast flanks with comparatively gentle and regular dips are 
characteristic, with successive hogback ridges formed by the more re- 
sistant strata, and with successively lower ridges on the southeast 
in less resistant strata composing higher parts of the section. Several 
miles southeastward from the outer anticlinal margin, older strata 
again rise along discontinuous lines of uplift, some of which are more 
or less regularly anticlinal with little faulting, while others are faulted. 
While Pascoe and other observers picture a “Boundary thrust” as 
sharply limiting this belt of Tertiary strata on the southeast, it seems 
more probable that there are successive lines of thrusting with lower 
and lower horizons exposed in each, and that the entire belt of Ter- 
tiary strata in the Naga Hills lies within this broad zone of combined 
folding and northwestward thrusting. 


GENERALIZED STRATIGRAPHIC COLUMN, IN DESCENDING ORDER, 
BASED ON OBSERVATIONS ALONG DISAI, DOIANG, ZUBZA, DIPHU, 
AND DHANSIRI RIVERS 


Disai series (probably equivalent in part to “Fossil Wood group” of Pascoe), 8,000- 
12,000 feet or more. Slightly consolidated sands, silts, and variegated clays, lying 
in approximate parallelism on Chimakudi sandstones, but with higher portions 
overlapping upturned edges of older strata. Characterized by abundance of woody 
material, some of which is carbonized or silicified and some only slightly lignitized. 
Occupies synclinal troughs throughout area with maximum thicknesses in inter- 
montane valleys such as those cut across by Disai, Diphu, and other rivers, where 
entire sequence is commonly tilted to dips of 45° te 60° 

Chimakudi sandstones (named from village of that name near Diphu River), 2,000- 
3,000 feet. Massive to thin-bedded sandstones, with interbedded shale members; 
rich in hornblende, epidote, kyanite and other minerals, as reported by V. C. 
Illing; probably fluviatile; lowest portion locally petroliferous 

Diphu formation (Diphu River opposite Manipur Road), flaggy sandstones and shales, 

»500-5,000 feet. Thin- to thick-bedded fi sandstones with sandy shale inter- 
inations in upper part, dark gray silty shales with a few sandstone layers in 
lower part; probable lateral gradations from shales to flaggy sandstones from one 
locality to another; marine fossils including Cyrena, Balanus, and Ostrea, col- 
lected from middle portion; fossils also noted in basal portion. Mineral assem- 
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blages, as reported on by V. C. Illing, suggest flags and shales may be composed 
of materials derived from common source. Sandy beds are locally petroliferous 

Zubza sandstones (part of ‘Coal Measures” of Pascoe), 1,925 feet or more (Zubza River 
10 miles northeast from Diphu River) 
Quartzose sandstones, with comparatively few accessory minerals such as zircon, 
tourmaline, and ilmenite; interbedded shaly carbonaceous sandstones, and sandy 
shales with thin coaly laminae; these observations applying to exposures on Zubza 
River, greatest thickness noted anywhere along Naga Hills front. In localities 
farther northeast, including Disai River, beds of coal 5 feet thick or more are 

common. Upper strata locally give rise to oil seepages 


Stratigraphic correlations of the Naga Hills exposures with those 
in the Surma Valley region of lower Assam are in doubt, not only 
because of variations in composition, but also because of the inter- 
vening rugged country with complex structure. It is surmised, how- 
ever, that the Zubza sandstones may be correlated with the Hatikhali 
sandstones. 

In lower Assam, where structural trends change to north-south, 
a belt of comparatively simple parallel folding with inverted U-shaped 
profiles succeeds the decidedly asymmetric profiles farther north- 
east. Topographic expression is indicative of structure, the ridges 
commonly being anticlinal and the valleys synclinal. Westernmost 
folds are made up of strata high in the geologic column with lower 
horizons brought to the surface in successive folds toward the east. 
Thicknesses are great, with an amount as much as 20,000 feet for 
the Tertiary, according to measurements by L. G. Weeks, along the 
south side of the Jaintia Hills near Jaintiapur, where almost complete 
exposures are seen on several rivers. Summarized briefly, the succes- 
sion there is as follows, in ascending order: (1) a thickness of about 
1,000 feet of Cretaceous beds, consisting of sandstones, sandy shales, 
and carbonaceous shales with coal beds; (2) Eocene beds, including 
a basal sandstone overlain by nummulitic limestone and with shaly 
lignite near the top, the combined thickness being about 1,000 feet; 
(3) about 5,000 feet of massive sandstones, mostly thick-bedded and 
with little shale except in the upper part (probably related to the 
Hatikhali sandstone), with oil seepages rising along the outcrops of 
some of the upper sandy layers; (4) still higher exposures show a 
thickness of more than 12,000 feet, the entire series being decidedly 
sandy and consisting of alternations of massive, hard to friable sand- 
stone, shaly sandstones, sandy shales and a little clay shale, and with 
but slight induration in strata of the higher part. 


OIL AND GAS OCCURRENCES 


There are two principal fields in Assam where oil is produced, 
Digboi in the extreme northeastern part and Badapur in the south- 
western part. Oil and gas seepages are prevalent within and near these 
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fields, and also at many other localities, some of which are shown on 
the accompanying map (Fig. 5). In most instances the oil rises from 
sandy, carbonaceous strata of the lower part of the Tertiary, the age 
being Miocene or in part Oligocene. At Jaintiapur, lower Assam, the 
oil rises from near the top of a sandstone formation above the Eocene 
nummulitic limestone. A similar stratigraphical position is inferred 
for the Naga Hills region, though no exposures of Eocene strata have 
been noted there. Oil seepages are reported by W. J. Wright from 
Cretaceous beds in a river below Cherrapunji, south side of Khasi 
Hills. 

Seepages of gas, either with or without oil, are fairly prevalent 
and are commonly seen rising in marshy ground around springs 
(“‘pungs”’), the water of which may be charged with mineral matter 
and perhaps slightly salty. Such occurrences have a great stratigraph- 
ical range and do not necessarily signify a petroliferous character for 
the strata from which they rise. Some samples of the inflammable 
gas were found to contain no ethane. 

Digboi field—This field lies in the extreme northeastern portion 
of the Nage Hills at the edge of the lowlands, where beds of steep 
southeast dip suggest the presence of a compressed fold overturned 
toward the northwest. The field was worked in a small way by the 
Assam Oil Company as early as 1900; production was gradually in- 
creased up to 1915, when the company came under control of the 
Burmah Oil Company. The annual production at that time was about 
122,500 barrels. The production in 1922 was about 133,000 barrels 
and in 1930 it was 1,099,216 barrels. The oil is reported to have a 
specific gravity of .85, and yields important products, including 
about 55 per cent kerosene, 15 to 20 per cent of lubricating oils, and 
9 per cent paraffine wax of high melting point. 

Badarpur field—This field was discovered about 1910, whena 
shallow well was drilled near seepages of oil and gas. The Burmah 
Oil Company began active development about 1916, and by 1922 had 
completed about 50 wells, most of which were less than 1,000 feet in 
depth. The yield during that year was about 101,500 barrels. In 1926 
about 20 wells were producing, most of which derived their oil from 
depths between 2,000 and 3,000 feet. During 1930 the production 
was 71,034 barrels, and in 1931 fell off considerably. The oil derived 
from shallower sands is heavy and dark and suitable chiefly for fuel 
purposes, but that from deeper horizons is reported as of somewhat 
better quality. High gas pressures are encountered in the deeper hori- 
zons. Dips on both flanks of the fold are steep, ranging from 50° to 
75°, the east flank being slightly the steeper. 


NATURAL GAS AND OIL IN INDIA 309 


Massimpur.—Ten miles east of Badarpur is another structure, 
the Massimpur, where a few hundred barrels of oil were obtained from 
a well during the years 1928-30. High-pressure gas was encountered 
while drilling. The structure is approximately symmetrical in profile, 
with dips of approximately 45° on both flanks. 

Dakshinbag.—This structure is located about 30 miles southwest 
from Badarpur. Development met with encouraging results in 1926, 
when considerable amounts of oil were obtained, together with large 
amounts of gas. 

Patharia.—This recently discovered field in the vicinity of Badar- 
pur produced less than 1,000 barrels in 1930 and 3,835 barrels in 1931. 

Nichuguard.—Along the base of Naga Hills, opposite the Mikir 
Hills, is an overfolded and faulted anticlinal structure on which shales 
of the Diphu formation are exposed in several domal uplifts. Seepages 
show a light oil, rich in paraffine and in other respects suggesting that 
of the Digboi field. During the years 1926-27, three test wells were 
drilled by the Whitehall Petroleum Corporation, Limited, the first 
two being located about one mile southwest from Diphu River and 
the third two miles farther southwest. All of these wells were drilled 
into shales of the lower portion of the Diphu formation, the bottom 
of which was not reached although penetrated to a depth of 2,016 
feet in the third well. Such thin sands as were encountered yielded 
showings of oil and gas. Drilling was discontinued after encountering 
evidence of having passed through zones of faulting, such as to sug- 
gest repetition of the beds. 

EASTERN BENGAL 


The north-south trending hill ranges of eastern Bengal are con- 
tinuous with those of southern Assam and the two regions have many 
features in common. Geological conditions are similar, most hill 
ranges being anticlinal and intervening valleys synclinal. Formational 
units based on lithology are fairly constant and can be correlated 
with a fair degree of reliability from one range to another. Many 
seepages of gas rising from all formations, have been found in various 
districts investigated, but direct indications of oil are very few. 


STRUCTURE AND STRATIGRAPHY 

The region is composed of numerous anticlinal ridges lying ap- 
proximately parallel with one another (Fig. 5). Some of the axes are 
continuous for nearly 100 miles with domal uplifts along them at 
intervals while others are more localized. Profiles are sharply com- 
pressed or rounded, depending partly on whether strata forming the 
crestal part are shales or sandstone and also on whether outcropping 
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strata lie high or low in the stratigraphical column, due to the fact 
that the older formations have undergone greater deformation. More 
or less asymmetry is common, but without uniformity; for example, 
the Sitakund anticline, near the coast, has a steepened west flank, 
while certain structures farther east are steepened on the east flank. 
Faulting occurs here and there, some structures showing transverse 
breaks along which the movement has been mostly vertical, while 
others show high-angle thrusting with displacement, in some in- 
stances, toward the west, and in others, toward the east. 

Summit elevations are 1,000 feet or less along the westernmost 
ridges, increasing gradually eastward to slightly more than 2,000 
feet within the Tertiary belt and to more than 8,000 feet along the 
Arakan Yoma, still farther east. Although there is a corresponding in- 
crease in the relief eastward, the transverse drainage lines are so 
arranged with reference to the formations which encircle the elongated 
domes of the several structures, that the older Tertiary strata are 
not exposed, this condition applying to most, if not all, of the mapped 
area shown in Figure 5. Explorations were not carried far enough 
eastward to study the zone of up-thrusting comparable with the 
“Boundary Thrust” of the Naga Hills, the existence of which has 
been verified, judging from statements by Pascoe (22, p. 314). 

Stratigraphical thicknesses are great, comparable with those of 


lower Assam. F. B. Notestein and W. L. F. Nuttall, during field 
operations here, found 10,000 feet of Miocene and younger beds ex- 
posed on Gobomara anticline, near the town of Rangamati, and an 
additional thickness of more than 5,000 feet elsewhere. The following 
section is generalized from measurements of rock thicknesses at num- 
erous places, with local formational names modified from those used 
during field work. 


GENERALIZED STRATIGRAPHIC COLUMN IN DESCENDING ORDER 


Sortie oe (Pliocene?) 5,000-6,500 feet. (Named from a locality on Sitakund 
anticline. 
Coarse, ferruginous sandstones with fossil wood either silicified or carbonized rip- 
ple-marked sandy shales in lower part; rests unconformably on various older for- 


mations 

Sitapahar sandstone (Lower Miocene?), maximum thickness 4,000 feet. (Named from 
exposures at Sitapahar Triangulation Station ten miles south of Rangamati.) 
Coarse, friable, buff, well-bedded sandstones alternating with laminated sandy 
shales; marine fossils in basal portion indicate Miocene age. Forms low hogback 
ridges around most of anticlines excepting parts of Sitakund, where it is concealed 
by overlapping Baraiyadhala series 

Foromon shales and sandstones (Lower Miocene?), 3,500—5,000 feet. (Named from ex- 
posuresin vicinity of Foromon Triangulation Station 6 miles west from Rangamati.) 
Composed of (a) upper, micaceous, silty clays and sandy clays, 1,800-2,500 feet 
thick, which have been eroded as strike valleys, and (b) lower sandstones, shaly 
to massive, 800—2,500 feet thick; commonly calcareous and conglomeratic in basal 


i 
é 


NATURAL GAS AND OIL IN INDIA 311 


sep and with a few marine fossils; locally in unconformable contact with under- 
strata 
Barkal sh shales and sandstones (Miocene and oe a Li 3,500-4,300 feet. (Named from 
exposures near Barkal, 13 miles northeastward from Rangamati. 
Composed of (a) upper hard sandy calcareous shales goo-1,200 feet thick; (b) mid- 
dle shaly to massive sandstones, calcareous; (c) 1,200 feet of beds mostly dark 
bluish, well stratified shales with one sandstone member or more containing fossils, 
including shark teeth; these shales are exposed along Saichal anticline, 5 miles 
east from Barkal anticline, where seepage of light oil was found in beds of lower 
rtion on Satrasuri Nala; lenses of lignitic coal seen occasionaliy; and (d) still 
sone strata including considerable friable sandstone interbedded with sandy 
shales, all of which are poorly exposed as seen on Aibarsarra Nala 
The age of the lowest strata exposed is in doubt because no fossils 
could be found. It is probable that Eocene strata underlie this area, 
for they appear to the north in Assam, to the south along the Arakan 
coast, and to the east on the far side of the Arakan anticlinorium. 
Most of the formational divisions listed, except the lowest, are 
exposed on the Sitakund anticline, northward from the town of Chit- 
tagong. Ravine sections in the central part show a thickness of about 
2,200 feet of the Barkal shales and sandstones. Only 1,000 feet of 
the overlying Foromon sandstones are exposed in this vicinity, be- 
cause they are overlapped by the Baraiyadhala series, Pliocene (?). 
The hiatus is not as great along the plunging part of the structure, 
where 3,500 feet of additional beds of the Foromon and Sitapahar 
formations are exposed. The thinning of formations across uplifts is 
not confined to this one zone as is suggested by local angular dis- 


cordance along the contact of the Barkal beds with the Foromon. 


OIL AND GAS OCCURRENCES 
Gas seepages abound in nearly all parts of the area and rise from 
all formations, whether old or young. Most of the larger seepages 
rise along anticlinal axes or faults, but there are also conspicuous 
examples in synclinal positions. The one oil seepage is on the Saichal 
anticline, where a light oil rises from a sandy shale formation low in 
the stratigraphic column. The same horizon probably lies several 
thousand feet below the surface in all other structures examined. 

The nearest oil seepages, both farther north in Assam, and south 
along the Arakan Coast, are more than 100 miles distant. This in- 
tervening seemingly barren area has led to much conjecture among 
those who have investigated the region. Pascoe (17, pp. 484-85), in 
discussing gas occurrences, states that parts of the Tertiary Gulf of 
Assam appear to be exclusively gas areas, one at the extreme head 
and another near the mouth, being respectively Namchik, in upper 
Assam, and Chittagong, near the Bay of Bengal. Apparently his 
studies in the Chittagong Hills were not in sufficient detail to lead 
to realization that strata exposed in that region probably are mostly 
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stratigraphically higher than the petroliferous series of Assam. While 
the presence of an underlying richly petroliferous series in the Chitta- 
gong Hills remains to be proved, no strong evidence to the contrary 
has been produced. 

Sitakund.—Numerous gas seepages on this structure, as well as 
ease of access, encouraged drilling for oil, to depths of 1,800 to 2,500 
feet. Strong flows of gas are reported to have been encountered in 
the deeper horizons. The geology of this locality is described in the 
memoir by Pascoe (22, pp. 311-313). 

While only the Sitakund structure has been drilled in the hills of 
eastern Bengal, it is not improbable that large amounts of gas may 
be obtained at comparatively shallow depths in numerous localities. 


OTHER PARTS OF INDIA 


While the preceding descriptions treat of the more important 
regions where natural gas is to be found in commercial quantities, 
there are numerous other widely scattered regions with natural gas 
possibilities, some of which are summarized below. 

Kashmir.—The Valley of Kashmir is an extensive mountain- 
locked basin in the western Himalaya, the floor of which consists 
largely of slightly consolidated lacustrine to fluviatile deposits, prob- 
ably of post-Pliocene age. The general geological setting resembles 
that of Great Salt Lake Basin, Utah. Some of the beds are rich in 
plant remains with lignitic layers. Showings of gas have been found 
in wells drilled for water. Dips are, for the most part, gentle and such 
as to suggest depositional slopes, but there are a few anticlinal rolls 
as well as slight faulting. It is possible that gas may be encountered 
in commercial amounts at geologically selected locations. A brief 
sketch of the geology of Kashmir appears in the book by Wadia (13, 
PP. 335-381). 

Bombay, Baroda, and neighboring coastal areas.—Bitumen has been 
noted in quarries on Bombay Island, where it occurs in cavities in a 
bedded basaltic rock. The occurrences described by C. S. Fox (26), 
are in rocks of Upper Cretaceous age. According to him, the series 
also includes intrusive dolerite, which cuts fresh-water sedimentary 
beds rich in plant and animal remains. The occurrence of bitumen is 
not a criterion of oil and gas possibilities. 

In Baroda State, and also westward from Baroda along the coastal 
parts of Kathiawar and Cutch are fringes of late Tertiary strata which 
may contain gas. Small amounts of gas encountered in shallow wells 
near Broach, Baroda, have attracted attention in recent years. 

Similar possibilities apply to the Madras coast and also the fringe 
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of Ceylon. Eruptions of the mud-volcano type have been reported 
in the sea adjacent to the Malabar Coast. 

Andaman Islands.—These islands, together with the Nicobar 
group farther south, lie along a tectonic trend which, toward the 
south, aligns with Sumatra, and toward the north, with Burma. The 
geology of the islands has been described briefly by Tipper (26). The 
larger islands show small outcrops of serpentine and other rocks of 
pre-Tertiary age, overlain by sandstones, conglomerates, and other 
strata of Lower Eocene, portions of which are folded. These beds are 
overlain unconformably by Miocene limestones and clays which, for 
the most part, dip gently eastward. Both oil and gas may be present 
under suitable structural conditions. 
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NATURAL GAS FIELDS OF BURMA' 


L. DUDLEY STAMP? 
London, England 


ABSTRACT 


The gas occurrences are associated with the Tertiary rocks which now occupy 
the ancient gulf of central Burma, other occurrences with similar rocks of the Assam 
basin of deposition, which extended to the Arakan coast of Burma. Both oil and gas 
appear to have been formed under brackish-water conditions, being found neither in 
fresh-water sediments nor in deep sea-water deposits. Gas seepages are very common 
in Burma; many are dissociated from oil. Little use has been made even of extensive 
gas fields—even where one well yielded 39 million cubic feet per day—excepting in 
strategic localities. Other gas seepages are connected with the famous mud volcanoes, 
especially of Minbu and the Arakan coast. Much attention has been paid to the gas 
associated with the oil fields. Since 1908 there have been stringent laws regulating the 
conservation of gas pressures in the fields and the long life of the Burmese oil fields is 
attributed by many primarily to these regulations. 


INTRODUCTION 


The occurrences of natural gas are found in the same areas of 
India as the oil deposits, though the gas occurrences are mor? widely 
spread than are the commercially exploitable deposits of oil. The 


three main areas are: (1) in the province of the Punjab, northwestern 
India (with which may be considered also Baluchistan), (2) in the 
province of Assam, and (3) by far the most important, in the province 
of Burma. 

As all important occurrences of gas and oil in India are found in 
Tertiary rocks, this account is restricted to the geology of Tertiary 
rocks. 

TERTIARY GEOLOGY 


In order to provide a clear background for the descriptions of 
gas occurrences which follow, it is necessary to give a brief résumé 
of the geology of Burma.* 


1 Manuscript received, February 11, 1932, for the Association’s symposium on the 
natural gas resources of the world, a volume whose scope was subsequently restricted 
to North America. The manuscript of the paper on Burma has been revised (November 
23, 1933), and the author has given permission for its publication in the Bulletin. 


2 London School of Economics, University of London. 


5 For further details see: L. D. Stamp, “Conditions Governing the Occurrence of 
Oil in Burma,” Jour. Inst. Petrol. Tech., Vol. 13, No. 60 (February, 1927), pp. 21-52; 
“The Connection Between Commercial Oil Deposits and Major Structural Features 
with Special Reference to Asiatic Fields,” ibid., Vol. 14, No. 66 (February, 1928), 
pp. 28-52; “The Oilfields of Burma,” ibid., Vol. 15, No. 74 (June, 1929), pp. 300-45. 
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The general geology of Burma is relatively simple and controls 
the topography to such a marked extent that the natural geographical 
and geological units in the country closely correspond. 

The country may be divided into four parts. 


1. Eastern massif of old rocks~—The whole eastern part of the 
country, including the Shan states and Tenasserim, consists of a 
massif of hard, old rocks ranging in age from pre-Cambrian to Juras- 
sic. The whole area, with the exception of several old lake basins, has 
probably been land since the latter part of Mesozoic time. The massif 
forms a plateau with an average elevation of 3,000 feet. The western 
edge is clearly defined, being marked by the conspicuous line of hills 
familiar to every traveler by train from Rangoon to Mandalay. Along 
this line the Tertiary rocks dip sharply away from the old massif, 
but the junction is rarely visible. 


2. Western fold ranges.—In the west part of Burma the dominating 
feature is a great chain of folded mountains. The chain is complex 
and broad in the north, where it forms the Naga, Chin, and other 
groups of hills, but narrows southward to form the Arakan Yoma. 
The actual physical structure terminates in Cape Negrais, but struc- 
turally the same fold continues southward through the Andaman and 
Nicobar islands into Sumatra. In Burma several peaks reach 10,000 
feet. Very little it known of the geology of the chain. The structure 
appears to be anticlinorial, with a central core of crystalline rocks. 
Triassic, Jurassic, and Cretaceous rocks are involved in the folding, 
as well as the Tertiary rocks on the flanks. There is good reason to 
believe that the folding originated in Cretaceous or earlier time and 
increased gradually during the Alpine movements of the Tertiary 
period. The fold.gave rise to a narrow land barrier from Eocene time 
onward. 


3. Central Tertiary basin.—Between the Arakan Yoma on the 
west and the Shan Plateau on the east lies the great region of Ter- 
tiary rocks in Burma. It corresponds with the basins of the Chindwin- 
Irrawaddy and Sittang rivers, and it is in this region that the petro- 
liferous areas of Burma are found. 


4. Arakan Tertiary region.—Between the Arakan Yoma and the 
Bay of Bengal lies another area of Tertiary rocks, forming part of 
the Assam area of deposition. 

In early Tertiary time Burma may be pictured as partly covered 
by a long, narrow gulf of the sea, with the Shan Plateau forming the 
land mass on the east and the central ridge of the Arakan Yoma 
forming a narrow strip of land on the west. This strip of land may 
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have been a peninsula separating the Burma and the Assam areas of 
deposition, or it may have been a long narrow island. In the latter 
case the retention of the term “Burma gulf” is still justified because 
deltaic or fresh-water conditions prevailed at the northern end. 

More correctly one might refer to the Burma twin gulf, for it 
was divided into two parts by a central, longitudinal ridge. The 
western part corresponds with the Chindwin-Lower Irrawaddy valley 
of the present day: the narrower eastern part with the upper Irra- 
waddy-Sittang valley. The central ridge may have been only a sub- 
merged ridge, but it was sufficiently important to cause a marked 
difference in the deposits in the eastern and western parts of the 
gulf. All the oil fields occur in the western gulf. The site of the old 
central ridge is marked today by extinct volcanoes and, in the south, 
by the hills known as the Pegu Yoma. 

The whole double gulf must have been broader than appears at 
the present day, owing to the extensive, lateral compression and fold- 
ing which has since occurred. The gulf opened to the sea toward the 
south, but into northern parts there probably poured several great 
rivers. Possibly the Tibetan course of the Brahmaputra is a remnant 
of one of these river systems; at a later stage, rivers of which the 
Chindwin and Irrawaddy are the present-day representatives took 
its place. The whole history of the Tertiary period in Burma may be 
summed up as the story of the infilling of the twin gulf by river- 
borne sediments from the north and by marine sediments in the 
south. On the whole, therefore, there has been a spreading of con- 
tinental conditions from the north, pushing the marine waters farther 
and farther south. This process is still going on, and year by year the 
delta of the Irrawaddy encroaches on the shallow Gulf of Martaban. 

The gradual infilling of the trough has, however, been interrupted 
at intervals by lateral folding movements. These movements resulted 
in the gradual uplift of the Arakan Yoma and, at a later stage, of 
the Pegu Yoma and other folds. Each movement of folding, however, 
caused a temporary increase of the depth of the center of the basin 
and a consequent return northward, in the center, of marine con- 
ditions. Thus it is found that the gradual southward retreat of the 
sea was interrupted at intervals by temporary northward movements 
which have left their mark as wedges of marine strata tailing out 
northward. There is also marked variation in the character of rocks 
from east to west, across the gulf, and a certain amount of the sedi- 
ment of these rocks must have been derived from the denudation of 
the Arakan Yoma land, while littoral conditions must have prevailed 
along its margins. 
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In a general way the same statements may be applied to the 
Arakan-Assam gulf of deposition. The writer’s personal knowledge 


UCKLED CENTR 


Fic. 1.—Early Tertiary geography of Assam and Burma. 


of this area is limited to the Chittagong district of Bengal and the 
Arakan coast lands of Burma but, apart from the necessarily different 
Tertiary sequence and the greater intensity of folding generally found 


DELTA! 
Ty 
A 
2 
’ 
4 
m Vin 
| 


NATURAL GAS FIELDS OF BURMA 319 


among the Tertiary rocks, the conditions closely resemble those in © 
the Burma gulf. 

The Tertiary rocks of central Burma fall into three main divisions: 
(1) Irrawaddian (Mio-Pliocene), (2) Peguan (Oligo-Miocene), and 
(3) Eocene. 

All horizons from the middle of the Eocene to the top of the 
Peguan may be petroliferous. The oil in the producing fields is ob- 
tained from horizons extending from the top to the base of the Peguan 
and probably into the higher Eocene. The occurrences of natural gas 
are even more widespread. Indeed, it may be said that natural gas 
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Wetamorphic Pre-Tertiary Eocene Pegs ‘trrewadian Voleani¢e 


Fic. 2.—Sections across the central valley of Burma. 
(From Jour. Inst. Petrol. Tech., 1927.) 


occurs in all the existing oil fields and in addition in many areas 
which are structurally comparable, where the lithological character 
of the rocks is similar to that of those in the oil fields. Burma abounds 
with examples of promising “structures” which have good gas show- 
ings but which have failed to yield oil. 

But both gas and oil are very closely related to the conditions un- 
der which the containing beds were laid down for, with the close al- 
ternation of clays and sands found throughout the Tertiary sequence, 
most areas seem to demonstrate clearly that migration of both oil 
and gas has been mainly or entirely lateral migration—along the 
bedding planes of the rocks. Both oil and gas are absent from fresh- 
water sands (Irrawaddian) and fresh-water clays (with remains of 
crocodiles, turtles, and mammals); the deeper marine-water clays 


are equally devoid of gas and oil. All the gas and oil horizons are defi- oe 
nitely associated with intermediate conditions. 


. 
é 
3006 
' 
~ 
10 ° MILES 
| 


= 
Q 
=) 
Q 


*payrojd ‘SunvASuvua x jo suozioy [IQ = { 

fuIMp [IO=74 
Jo uozyoy [jo aquqoig = ‘mepuy Jo = 

‘ 
Nquipy Jo [IO =1W AOOTOLNOATVd 


‘spaq 

-ysryoviq pue 
‘Apues Ayureur 

‘spoq pue 

‘sajiposo19 Jo | 

{spaq 

AOOTOHLIT 


jp ty 


all 


4 
= 


320 
— a 
EE 
$$$) | | | | \ 
He SHE : 
EN 
\ 
w 


5 
: 


NATURAL GAS FIELDS OF BURMA 321 


The diagrammatic section (Fig. 3) illustrates the relationship be- 
tween the paleontological stages (shown between horizontal lines) 
and the lithological stages. The upper oil and gas-bearing horizons 
pass into younger and younger beds from north to south. This figure 


Yj, 


SSN 


Fic. 4.—Map showing position of oil fields of Burma. 
1—Indaw; 2—Yenangyat; 3—Singu; 4—Yenangyaung; 5—Minbu; 6—Padaukpin; 
7—Ngahlaingdwin; 8—Yenanma; 9—Arakan. Heavily shaded area on east is Eastern 
massif of old rocks; that on west is Western fold ranges. 


is a diagrammatic section from south to north, that is, longitudinally 
through the Tertiary trough. The figure has been somewhat simpli- 
fied. There are, for example, subsidiary wedges of sandstone in parts 
of the Sitsayan shales which have not been indicated. 

Because time planes have been chosen as the horizontal datum lines 
on the diagram, thicknesses of the beds are now shown to true scale. 
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GAS OCCURRENCES 

In the preceding section it is indicated that the gas and oil oc- 
currences are definitely related to certain types of lithology and are 
found in a great variety of geological horizons. 

The gas occurrences are far too numerous to mention individually, 
because they are found throughout a belt of country extending for at 
least 700 miles north and south as well as along the Arakan coast. 
For convenience they may be grouped into three artificial (and not 
very clearly differentiated) groups: (1) gas showings not associated 
with an oil field; (2) mud volcanoes; and (3) gas occurrences associ- 
ated with the different oil fields. 


GAS SHOWINGS NOT ASSOCIATED WITH AN OIL FIELD 


Simple gas seepages are very common and widespread in Burma. 
Again and again they have been taken to indicate the possible pres- 
ence of oil and many a “structure” has been drilled on the evidence 
afforded by gas seepages in the vicinity. Ordinarily the gas seepages 
are most evident in the rainy season: the gas may bubble up through 
the water covering a rice field in amounts sufficient- to damage crops. 
Ordinarily the seepages are small—a few bubbles bursting slowly 
and occasionally a few globules of oil floating in the vicinity. 

In other places there is a strong and steady escape of gas from 
fissures in the ground. The writer visited a gas seepage on a small 
hill just east of Natmidauk village, where upper sandy beds of the 
Peguan are exposed. When a match was applied to the seepage there 
was an explosion and flames rose to a height of about 3 feet. After 
burning for 20 minutes the fire could not be extinguished. This seep- 
age is located near the nose of a pitching fold. Nearly 6 miles north- 
east there is an oval inlier of Peguan—structurally ideal for a small 
oil field. A well located by the writer on this inlier obtained only a 
small showing of oil in an upper horizon, but after passing through 
a great thickness of shale, encountered a gas-bearing sand at 2,000 
feet. The gas was sufficient to blow the drilling tools out of the hole 
and the noise of escaping gas could be heard 12 miles away. The 
Indian paper, Capital, gave the following details in its issue of Sep- 
tember 20, 1928. 

At the Indo-Burma Petroleum Company’s gas well at Pyayé for eight 
months an average of 39 million cubic feet of gas were lost every day, equiva- 
lent in thermic value to about 5,000 barrels of oil a day. This gas well has 
now been closed in under the orders of Government. 


This particular case‘ is interesting for several reasons: (1) it is 
believed to be the largest gas well completed in India or Burma; 
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published in Pascoe’s ‘“‘Oilfields of. Burma.’ 
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(2) it added another to the long list of gas occurrences dissociated 


from oil; and (3) it illustrates the negligible value of natural gas ex- 
cept in strategic localities. Had the area been more readily accessible 


to the existing oil fields the gas would, of course, have been utilized. 
Records of gas showings and seepages (known up to rg11) are 


MUD VOLCANOES 

The mud volcanoes for which Burma has long been famous— 
those at Minbu were noted as long ago as 1855 by Thomas Oldham, 
the “father’’ of the Geological Survey of India—differ from the simple 
gas seepages mainly in that the escaping gas brings up large quantities 
of pale gray mud. The most famous of the mud volcanoes are those 
on the Arakan coast (notably the island of Cheduba) and those at 
Minbu. The former have not infrequently given rise to evanescent 
islands along the coast and at times have erupted with startling 
rapidity and the gas has caught fire. An eye witness to an eruption 
in Cheduba in 1903 says 

I saw what at first I took for a black cloud, but which no doubt was mud, 


shoot far above the trees, followed a moment after with very dark red flames 
and dense black smoke which looked to me to shoot right up to the clouds. 


The Minbu volcanoes lie along an important fault, and about 2 
miles south of a group of oil-producing wells at the north end of the 
Minbu field. There are ordinarily seven or eight vents, and not in- 
frequently the mounds of pale gray mud reach roo feet in height. 
In other cases the “volcanoes” are simply broad pools of fluid mud 
through which huge bubbles of gas rise and burst every ro or 15 
seconds. 

Similar mud volcanoes, but on a small scale, have been examined 
by the writer in many parts of Burma. Over the crater of one in the 
Chindwin district a trestle was rigged and water successfully boiled 
by igniting the gas. This gas occurrence was near the crest of a very 
sharply folded anticline.® 

The mud brought up by these volcanoes is cold. It resembles the 
mud washed out of holes drilled by percussion tools. The gas seems 
to cause extensive underground movement of water, probably in the 
finer water sands, causing the water to wash out the mud from such 


‘ See details given under Pyayé in Stamp, “The Oilfields of Burma,” op. cit., 
sup. p. 336. 
5 Geol. Survey of India Memoirs (1912). 


® Described in Stamp, “Geology of Part of the Pondaung Range,” Trans. Mining 
Geol. Inst. of India (1922). 
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beds, or from the surface of near-by clayey layers. The gas then forces 
the muddy slime through any available cracks to the surface. In many 
sections, the Peguan rocks—the main oil-bearing rocks of Burma 


Fic. 5.—Crater of active mud volcano, Minbu, 1925. 


—are found to be seamed with irregular mud veins and filled-in fault 
fissures doubtless caused ir this way. Many of these mud veins ef- 
fectively seal oil sands. They are very numerous in the Yenangyaung 
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oil field and may be considered the cause for the amazingly variable 
yield of oil from wells many of which are only 20 yards apart. 
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GAS OCCURRENCES ASSOCIATED WITH DIFFERENT OIL FIELDS 


By far the most important of all the oil fields of Burma are those of 
Yenangyaung and Singu. Singu has the greater reserves and is likely 
to become the biggest producer in the near future, but the most 
famous is undoubtedly the Yenangyaung field. 

In many ways the oil field of Yenangyaung is one of the most 
remarkable in the world. Up to the close of 1933 it is estimated to 
have produced 3,800 million gallons of oil, this quantity having 
been obtained from an area of a little more than a square mile. The 
oil has been exploited by native methods for at least 200 years, but 
the development of the oil field by modern methods and European 
companies began in 1887 or 1888 when the Burmah Oil Company 
first produced oil there. Nearly the whole field is covered with a maze 
of derricks, for the well sites are only 60 feet apart and there is, in 
the competitive drilling areas, an extraordinarily intense competition; 
but the yield of oil in the field to-day is nearly the same as it was 20 
years ago. Yenangyaung does, indeed, afford a classic example of 
what must be called the conservative exploitation of an oil field and 
it is safe to say that the continuance of the output at a uniformly high 
level has been very largely due to the conservation of gas pressure 
from earliest days to the present. 

Yenangyaung owes its preéminence as a producer to several fac- 
tors. 1. It is situated in the heart of the ancient Tertiary belt of Burma 
where conditions remained suitable for the deposition of oil-bearing 
sediments for a long time; the oil measures are correspondingly very 
thick. 2. The field is a dome with gentle dips on either side and a 
steady, gentle pitch north and south.’ The Peguan rocks are exposed 
in an area almost 5 miles long from north to south, but only a mile 
in width. 3. The field has an excellent gathering ground. There is 
neither anticlinal nor domed structure for many miles in any direction. 

In some respects the Yenangyaung field is a text-book example 
of anticlinal structure. Toward the crest of the dome there is a gradual 
decrease in the specific gravity of the oil just as one is led theoretical- 
ly to expect. Near the crest the oils are lightest and are very heavily 

? Editor’s note—D. Dale Condit advises the editor that a slight asymmetry of 
the fold has only recently been recognized and that transverse faulting in the Yenang- 
yaung field may have influenced the erratic distribution of gas. The author agrees 
that the importance of faulting has previously been underestimated, partly because 
the fault planes are marked by infillings of mud and are difficult to distinguish from 


other “mud veins.” The asymmetry has meant the extension of deep drilling down the 
gently dipping eastern limb. 
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charged with gas. In the early history of the field there were flowing 
wells, and many gas wells near the crest of the fold that eventually 
produced oil. All the oil sands at Yenangyaung are lenticular, and it 
is practically impossible to correlate them from well to well, spaced 
20 or 30 yards apart. In the southern part of the field, some distance 
from the crest, there is a rich gas-bearing area, which has failed to 
yield oil. In this area it is found that the mud veins previously men- 
tioned are extraordinarily plentiful, and it has been suggested that 
these mud veins have sealed off the southern part of the field from 
the northern part.* Hopes had long been entertained that the south- 
ern blocks of the field, farther south than this gas-yielding area, would 
eventually produce oil, and the first strike was made at 4,000 feet in 
1930. 

The gas occurrences in the Yenangyaung field may therefore be 
separated into two groups: (1) occurrences of the gas field south of 
the oil field proper, and (2) occurrences in the oil field itself. 

Gas field of Yenangyaung.—Edwin Pascoe,° in his account of the 
oil fields of Burma written in 1910-11, refers to two early gas wells 
found in the southern tract. He says that in the more southerly of 
them the pressure, according to the guage, measured 500 pounds to 
the square inch, and the pressure in the well when first opened was 
said to have been as much as 800 pounds. No serious attempt has 
been made to utilize gas from this area. 

Gas occurrences in oil field itself—Wells near the dome or the 
central part of the field had a very gassy oil which flowed sometimes 
to a considerable height, and it was in this area that at least a well 
or two produced large volumes of gas and later oil. It was also ob- 
served that the flow of nearly all wells at Yenangyaung was inter- 
mittent. Even when the flow was continual, the rate varied periodi- 
cally. 

Although many believed that hydrostatic pressure caused the 
wells to flow, early recognition of the réle of gas in the production of 
oil led to legislation which prohibited the waste of gas in the Yenang- 
yaung oil field. Since 1908 there have been stringent laws regulating 
the conservation of gas pressure in the field. Flowing wells are now 
unknown on the Yanangyaung field; the oil is obtained by pumping. 
There is not the slightest doubt that early measures conserving gas 
pressures caused the extremely long life of many of the Yenangyaung 
wells and indeed of the field as a whole. y 

8 Editor’s note.—The faults previously mentioned may have controlled the ac- 
cumulation of gas only in this restricted area. 

® Op. cit., sup., p. 85. 
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GEOLOGY OF HUNTINGTON BEACH OIL FIELD, 
CALIFORNIA' 


HOYT S. GALE? 
Los Angeles, California 


ABSTRACT 


Review of the several reports on current developments in the Huntington Beach 
oil field suggests a somewhat closer codrdination than is generally given of the oil 
zones of the various areas into which the field has been subdivided, for the purpose of 
tracing the probable paths by which the oil has migrated into the several parts of the 
field. The influence of faulting appears to have been important in this connection. 
The inference is drawn that the tidelands area, which has lately come into prominence, 
probably includes the main structural axis of the whole area, and some significant clues 
to the submarine structure are found in air photographs. 


GENERAL CONDITIONS 


Geologically the Huntington Beach oil field is a structural “high” 
in the line of uplift that extends from Beverly Hills to Newport Beach. 
This line of uplift includes some of the most important oil fields in 
' California. In all of these structures the oil has accumulated in Ter- 
tiary rocks that have been folded into domal anticlines at more or 
less regular intervals along the line of uplift. Most of these folds are 
somewhat complicated by faulting roughly parallel with the trend of 
the main uplift and the axial directions of the folding. Figure 1 is a 
map of the general geology of Los Angeles Basin, showing the main 
lines of geologic structure and the relation of the Huntington Beach 
area to the Newport-Beverly Hills line of uplift. 


CHARACTER OF GEOLOGIC INFORMATION 


The geological structure of the Huntington Beach area is very 
complex and is imperfectly understood by geologists. Some of the 
major structural features seem clear, but it is recognized that the 
area involves much faulting and some folding of the strata that can 
not be defined from present incomplete data. The oil-zone beds are 
lenticular and vary in character from place to place so that exact 
correlation has seemed almost impossible. Lately micropaleontolog- 
ical markers in the stratigraphic section, obtained by study of mate- 
rials from the core samples, are believed to have yielded much more 

1 Read in part before the Pacific Section of the Association at Los Angeles, Novem- 
ber 9, 1933. Manuscript received, November 15, 1933. 

2 Consulting geologist, 1775 Hill Drive. 
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satisfactory information on this subject, but as yet the data avail- 
able are fragmentary and scattered, and it is obvious that all such 
information will have to be interpreted in the light of possible de- 
viation of the wells from vertical, if the data from them are to be 


used in an engineering sense. 


GEOLOGY OF OIL-BEARING FORMATIONS 


The geologic age of the oil-bearing formations at Huntington 
Beach ranges from early Pliocene to late and perhaps Middle Miocene. 
Most of the oil-zone beds are included in the Lower Pliocene Repetto 
formation, but the deep-zone production of the Old Field, Barley 
Field, Townsite, and Surf areas is derived directly from Miocene 
rocks. The strata encountered in the drilling of wells begin at the 
surface with 450-700 feet of unconsolidated sand, gravel, and blue 
clay, usually classed as of Pleistocene age. These are underlain by 
more compact deposits of blue and gray shales, coarse sands, gravel, 
and sandy shales, which as a unit are usually called the Pico formation 
of Upper or Middle Pliocene age. The Pico has an aggregate thick- 
ness of about 1,300 feet. The Pico is in turn underlain by brown sticky 
shale or silt, in thin-bedded laminated deposits including some sands 
which form most of the productive oil measures of the field. This is 
the Repetto formation, which is of Lower Pliocene age. The Repetto 
has an aggregate thickness of about goo feet. This extends to the base 
of the Pliocene series. 

The Pliocene is underlain by shales, commonly thin-bedded, in- 
cluding some sands, forming a unit known as the Puente or Modelo 
formations in and around the Los Angeles Basin, or the Monterey 
formation of many California geologists. This is of Miocene age and 
includes the deep oil zones already mentioned. There is some evidence 
that the Pliocene rests unconformably on the Miocene in various 
places around the Los Angeles Basin, where the contact of these 
two units can be observed in outcrops. The Miocene is supposed to 
be the principal source of the oil-producing materials in this general 


region. 
The interpretation of geologic events most directly related to the 


occurrence of the oil at Huntington Beach may be stated as follows. In 
the Miocene epoch of geologic time and perhaps also in the Pliocene 
epoch, organic substances capable of being converted into oil under 
certain conditions of burial and preservation, were deposited on the 
floor of an embayment of the ocean which at that time covered all 
of the area in and around the present site of Huntington Beach. These 
substances are believed to have consisted of accumulated remains of 
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myriads of minute organisms deposited with mud in blanket-like 
layers on the ocean floor, forming an ooze. At times, during the dep- 
osition of these materials, storm waters carried coarser-grained sedi- 
ments from adjoining land surfaces, forming layers of sand on the 
ocean bottom; when the storms had passed, the accumulation of 


Pleistocene 

450 to 700 ft. 
Pico forgation - Pliocene 
approximately 1300 ft. 


Repetto formation - Lower !liocene 


about 900 ft. 
{top of Miocene - unconformity 7?) 


Upper Puente shale 
_ about 1000 ft. 


Middle Puente sandstone 
about 1100 ft. 


Lower Puente shale 
1900 ft. ? 


Temblor - Middle Miocene 
2000 ft. plus? 


Fic. 2.—Generalized stratigraphic section of Huntington Beacn on 
field, after George H. Doane. 


ooze continued. Thus there was formed a succession of layers of ooze 
and sandy beds. As the layers of sand and of mud and organic matter 
piled up, the lower layers were squeezed and compressed by the 
weight of the overlying deposits, and much of the water that was 
originally mixed with the mud was gradually forced to filter out, 
while mixtures of water and of the oil formed by the alterations of the 
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enclosed organic matter tended to lodge in the porous sandy layers, 
where the spaces between the grains were larger than in the mud. 

This process continued for millions of years until tremendous 
masses of material were piled up, building several geologic formations. 
The beds lay for a long time flat on the ocean floor, or nearly so, as 
they were when they were first deposited. In the early and middle 
part of the Pleistocene, the last of the geologic periods, the district which 
is now Huntington Beach was subjected to disturbances that were 
part of one of the great mountain-building epochs that affected the 
whole Pacific Coast border of the American continent. This caused 
the ocean floor at the site of Huntington Beach to be arched upward, 
raising it above sea-level in a long ridge, which was part of an uplift 
that extended northwestward through the site of Signal Hill and 
through Inglewood to Beverly Hills. At Huntington Beach and at 
other places more or less regularly spaced along this line of uplift, 
the high parts of these folded strata have assumed the form of some- 
what symmetrical anticlines or distinct domes in many places broken 
or split by faulting. Huntington Beach is one of these domes broken 
into longitudinal blocks approximately parallel with the trend of the 
main line of uplift which is here parallel with the coast line. There 
are at least three main faults in the Huntington Beach field, dividing 
it longitudinally into four main divisions, which are described sepa- 
rately in the following paragraphs. 


TOPOGRAPHIC AND STRUCTURE MAP 


Figure 3 is a map showing part of recent topographic surveys by 
the United States Geological Survey. The surface relief is shown by 
contours of 5-foot vertical intervals, which—it so happens—also ex- 
press distinctly some of the main features of the geologic structure, 
especially the major fault traces. The faults being the boundaries of 
the blocks which are the basis of subdivision of the field, this map 
also serves as an index for reference in the following descriptions. 


DIVISIONS OF THE HUNTINGTON BEACH FIELD 


The Huntington Beach field is divided into a number of areas 
that differ more or less in structure and depth or sequence of the oil- 
zone beds as shown by drilling. These divisions are: (1) the Old Field 
area, in which commercial production was discovered and first de- 
veloped, which covers approximately the northeastern half of the 
field; (2) the Main Street area, occupying the central southeastern 
portion of the old city of Huntington Beach; (3) the Barley Field 
and Townsite areas and probably also the small Surf area, sometimes 


4 
== —_ 
— 
x += 
= = 
- 
Z 
e 
re 
— 
SS ad 


HUNTINGTON BEACH OILFIELD 
Recent Survey by U. S. Geological Survey 
WITH ADDITION OF 
MAJOR STRUCTURAL FEATURES OF THE GEOLOGY 
AS INTERPRETED FROM SURFACE EVIDENCE 


AND PUBLISHED REPORTS 
bY 


HOYT S.GALE ~~ October,I933 


° Ke 
MILE 


Fic. 3.—Huntington Beach oil field, recent survey by United States Geological Survey, 
with addition of major structural features and other details. 
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discussed separately, but really adjoining and reiated districts occupy- 
ing a belt of lands parallel with and near the coast, limited on the 
ocean side by Ocean Avenue as usually described and not considered 
to include the railroad right of way, or the beaches, or the tidelands; 
and (4) the Tidelands area extending from the beach out under the 
ocean bottom within the limits considered to lie within the juris- 
diction of the State. 


OLD FIELD AREA 


The largest division of the Huntington Beach oil field, which is 
the one situated farthest inland, is known as the Old Field area. Com- 
mercial oil was discovered here by the Standard Oil Company in a 
well brought into production on May 24, 1920. As production was 
extended by the drilling of other wells, it became obvious that the 
geological structure of this part of the field was essentially that of a 
homocline, with productive accumulation in the higher parts of the 
northeastward-dipping beds or strata. This area, or strip, or fault 
block, as it may be variously called, is cut off on the southwest by a 
fault, the surface trace or outcrop of which passes immediately north 
of the Huntington Beach Union High School. In the following dis- 
cussion, this fault is therefore called the High School fault. The strata 
composing the fault block dip fairly regularly northeast, away from 
the fault. 

Oil is found in the Old Field area in two main sandy zones, each 
of which is divided into an upper and a lower part with a less pro- 
ductive part between. The two parts of the upper zone are known as 
the Upper Bolsa and the Lower Bolsa zones, and the parts of the lower 
zone are known as the Upper Ashton and the Lower Ashton zones. 
There is also an unimportant tar zone above the Upper Bolsa. The 
oil appears to have migrated into these reservoir beds, coming from 
the northeast up the dip in the Ashton zones, and to have accumulated 
against the High School fault. 

It is understood that oil which has collected underground in po- 
rous sandy beds is usually subject to hydrostatic pressure operating 
through the water that occurs beneath it or mixed with it, andgoil 
being lighter than water tends to rise to higher and higher levels 
until there are no more passageways in porous beds or openings along 
faults that it can follow; but it can not migrate through the denser 
layers of mud or shale if they are continuous and unbroken. Hence, 
when the Huntington Beach area was uplifted into a broken dome 
along an anticlinal axis, the oil tended to migrate upward along the 
tilted sandy strata and along faults that had produced open channel- 
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ways to the highest place it could reach before being trapped by 
masses of shale. Where a shale bed had been brought by faulting oppo- 
site to a sandstone bed, the migration of the oil in the sandstone bed is 
blocked. In such case the oil may either accumulate there, forming an 
oil pool, or, if the shale has passageways in the plane of the fault, the 
oil may migrate along such passageways around the shale into the 
nearest sandstone above, either on the same side of the fault or on 
the other side, and continue in that sandstone until it reaches the top 
of the anticline or dome, or is blocked by another fault, or can find 
no other place to go upward through porous beds. 

Tar sands are scattered through the deposits overlying the oil 
zones, but the top of the first productive oil zone as reported in the 
early development of the Old Field area lay at depths of 1,850—2,000 
feet below sea-level in a narrow belt on the highest part of the field 
along the High School fault. The gravity of the oil from the Upper or 
Bolsa zones ranges from 14° to 19.5° Bé., apparently influenced by 
local conditions. The Lower or Ashton oil zone has now been sub- 
divided into a series called the Upper, Intermediate, and Lower Ash- 
ton oil zones, with various intermediate sands carrying water and a 
bottom water defining these limits. Gravity from the Ashton zones 
ranges from about 19.5° to 27.5° Bé., the gravity generally increasing 
gradually with depth in the section, excepting in the outer borders 
of the field. Table I is an approximate summary concerning this series 
of oil zones, which is distributed within a vertical range of about 3,000 
feet. 

TABLE I 


Maximum 
Zone Thickness of Oi 
(Feet) Degrees Bé. 
Upper Bolsa 160-250 14-16 Predominantly sand 
Interval—mostly shale 500? (separated by an in- 


termediate water) 
Lower Bolsa 160 18-19.5 
Unproductive zone 200+ “Copeland water” in 


upper part 
Upper Ashton 175 19.5-20.5 
Intermediate water sand “Porter water” 
Intermediate Ashton 500 21.5-24 Predominantly shale. 
Intermediate water sand “Brown water” 
Lower Ashton 650 25-27.5 Predominantly sand. 
Bottom water zone “Pearce water” 


A profile cross section of the Old Field area drawn to illustrate 
the relationships of producing oil formations and water conditions, 
contained in Vol. 9, No. 6, Summary of Operations of the State Mining 
Bureau, is apparently significant as to the main reservoir of the oil 
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in the lower zones and its migration into the Bolsa zones along the 
High School fault. 
MAIN STREET AREA 

The next strip or block southwest of the Old Field area is known 
as the Main Street area. This block of strata was depressed along the 
High School fault so that the Bolsa zone in the Main Street area is 
approximately opposite the Ashton zone in the Old Field area. The 
oil appears to have migrated across the fault from the Ashton zone in 
the Old Field area to the Bolsa zone in the Main Street area. The Ash- 
ton zone in the Main Street area appears to have been carried down 
so far by the fault movement that the oil did not go down to it, and 
it is not productive. The beds in the Main Street area are thought to 
be slightly arched. They are cut off on the southwest by a fault which 
passes through the Huntington Beach Elementary Schools group of 
buildings, and this fault is therefore called the Elementary Schools 
fault. This fault is marked on the surface by a line of low hills, very 
much as the High School fault is. The surface expression of these 
faults indicates that movement has taken place along them in very 
late geologic time, perhaps even in recent or historical time. As the 
surface indication of the High School fault is almost directly above 
the line along which the fault is found in depth by the oil wells, it can 
be concluded that the plane of the fault stands nearly vertical. The 
Elementary Schools fault is less well known than the High School 
fault because few wells have been drilled near it. The two faults are 
thought to be similar, but the Elementary Schools fault probably has 
the smaller displacement, both being offset down on the southwest 
side. 

Reports state that the top of the Bolsa zones lies 2,000—2,200 feet 
below sea-level at the highest part of the structure; that the Upper 
Bolsa is about 160 feet thick and its oil ranges from 14° to 15.5° Bé. 
gravity; that the next 180 feet of section is wet and unproductive and 
separates the Upper from the Lower Bolsa. The Lower Bolsa is con- 
fined to a thickness of about 160 feet, its production ranges from 18° 
to 19.5° Bé. gravity, and below this zone no commercial production 
has been developed. 


TOWNSITE-BARLEY FIELD AREA (INCLUDING SURF AREA) 


The next block on the southwest contains two areas, known as the 
Townsite and the Barley Field, and probably also includes a third 
small group of producing wells known as the Surf area. The structure 
of the formations in this block, as for the others already described, 
has been worked out and published by representatives of the Califor- 
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nia State Mining Bureau. They have prepared structure contour maps 
showing that the beds in the Barley Field dip northeast as in the Old 
Field area; but in the Townsite area they swing around so as to dip 
eastward. The swing or curvature of these beds suggests that it may 
represent the plunging end of the axis or nose of an anticline; and a 
similar curvature in the beds of the Main Street and Old Field blocks 
aligned to the east, including the highest part of the Old Field block, 
suggests that all of these curvatures are related to a single axis which 
has been greatly obscured by faulting. The highest part of this struc- 
ture is in the Townsite-Barley Field block near the western corner of 
the Townsite area. At that place the structure is interrupted by another 
fault, which approximately underlies Walnut Street, but curves ocean- 
ward toward the southeast. 

The first important sands encountered by wells in the Townsite- 
Barley Field block are known as the Tar zone. This zone is practically 
continuous over the whole block, but production from it is not now of 
very much importance. The top of this zone lies at a depth of about 
1,350 feet in the southwestern corner of the Townsite, from which it 
dips east and northeast to a depth of 2,000 feet or more at the northern 
edge of the block. In depth it comes to the Elementary Schools fault 
approximately opposite the Bolsa zone in the Main Street area, and 
it may have derived its oil by migration across the fault from the 
latter. It is likely, however, that these upper sands in which the oil 
occurs in these two areas are not the same strata, for the two divisions 
of this Upper or Bolsa oil zone are much closer together in the Town- 
site-Barley Field area than they are in the Main Street area. The next 
deeper important oil sand in the Townsite area is known as the Jones 
sand. Below it is an interval of less productivity and then a lower oil 
zone, which is the most important producing zone in the field. The 
Jones sand and the lower zone are the probable equivalents of the 
upper and lower Ashton of the Old Field area. The production in these 
zones has been greatest in the highest part of the structure near the 
Walnut Street fault, and has decreased rapidly down the dip toward 
the east and toward the Elementary Schools fault, so that much of the 
oil section is now flooded by edge waters which have advanced from 
the north and east. It is understood that at first no water existed in 
this area between the top of the Jones sand and the bottom of the 
lower zone. The Jones sand is now wet in a large part of the area and 
edge waters have encroached to a considerable extent throughout the 
middle zone and in the top roo feet of the lower zone. 

The thickness of the productive sands in the Tar zone is appar- 
ently very variable, but is shown in the Mining Bureau report to be 
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from 200 feet to perhaps 300 feet or more. The oil produced was gen- 
erally 13.5°-15.5° Bé. in gravity. Beneath the Tar zone is about 1,050 
feet of unproductive strata extending té the top of the Jones sand. 
The Jones sand zone is about 200 feet thick and produced 18°19.5° 
Bé. gravity oil in the higher portion of the structure. The next 500 
feet of strata, constituting a middle zone, has produced 21°-24° Bé. 
gravity oil. The next 500 feet below this is the lower zone, which has 
been the most productive in the area, and has the greatest areal extent 
of any of the zones. Its production varies from 24° to 28° Bé. gravity 
oil. Bottom water has been encountered beneath this zone in parts 
of the area, but it appears now that important deeper production 
may exist along the high parts of the structure bordering the coast. 

In the Barley Field area northwest of the Townsite, only the deep 
zone, known as the Barley Field zone, is productive. This isencountered 
at a depth of about 3,700 feet in the higher parts of the structure and 
is apparently equivalent to the lower zone of the Townsite area, al- 
though the section is said to contain less sand than the latter. The 
Barley Field zone is rated as about 700 feet thick and produces 25.8°— 
28.4° Bé. gravity oil, according to reports. As contoured by the State 
Mining Bureau, the Barley Field joins with the Townsite area in the 
form of approximately a half dome with long axis near the coast and 
extending inland. This is discussed in further detail in the following 
paragraphs. 

A few producing wells in the extreme southeastern part of the 
Huntington Beach field known as the Surf area probably belong to 
the Barley Field-Townsite structural block, although they may be 
more or less separated from the rest by subsidiary faulting. These 
wells obtain production from the deep zone which is there encountered 
at a depth of about 4,200 feet and yields oil of 22°-23° Bé. gravity. 


TIDELANDS AREA 


The Huntington Beach oil field has long been, and is still, known to 
geologists as probably the least understood of the oil fields of the Los 
Angeles Basin, the difficulty being with the complexity of the struc- 
ture, the variability of the thickness and character of the sands and 
shale beds, and the lack or inaccuracy of the data obtained from the 
wells. Practically all the reports on the area make specific mention of 
this condition. Most of what has been described in the foregoing state- 
ment is accepted by geologists as true, although, of course, there are 
a number of points still subject to modification. On the other hand, 
practically nothing is known about the underground structure of 
the fourth and last block on the southwest, namely, the Tidelands 
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area. Even the Walnut Street fault, which separates this block from 
the Townsite-Barley Field block, still presents a number of unsolved 
problems. 

The position of the Walnut Street fault as mapped by the Califor- 
nia State Mining Bureau is said to be well determined by the recog- 
nizable differences in the formations encountered by wells on the 
southwest side of it. The Mining Bureau report shows the southwest 
side of it downthrown, as is the case with the other faults in the field; 
but at least one well-known geologist thinks the southwest side has 
been relatively uplifted. There is a surface exposure of what appears 
to be this fault in the embankment facing the tidal flat northwest of 
the Barley Field and about 400 feet north along this embankment from 
Ocean Avenue. At this place conglomeratic sandy beds on the north 
side of an apparent fault abut against sandy marls and shales on the 
south side. Both deposits belong to the superficial or late Pleistocene 
series. Although the beds on the north side are less consolidated and 
therefore look younger, there is an exposure in the embankment a 
little farther north which shows beds such as occur on the south side 
of the fault overlying the conglomeratic sandstone. Hence, the pre- 
ponderance of evidence indicates that the southwest side of the fault 
was relatively, but possibly not greatly, downpressed. 

The Mining Bureau reports show the tar sand of the Townsite 
area extending uninterruptedly across the Walnut Street fault; and, 
because the lower sands are interrupted by the fault, it is concluded 
that the lower beds do not conform to the structure of the upper beds; 
that is, it is stated that there is an unconformity between the lower 
zone and the overlying series. The evidence presented, however, does 
not show this to be the case. The oil of the Tar zone in the Townsite 
area could have migrated across the fault into a different sand on the 
Tidelands side, giving a false appearance of continuity of these beds. 
If movement along the fault has occurred at such a late date as to 
offset the much younger, superficial beds exposed in the embankment 
northwest of the Barley Field, it must also have offset all the older 
beds, including the sand containing the tar in the Townsite and Barley 
Field areas. Hence, the fact observed by the Mining Bureau that the 
tar or heavy oil is found at approximately the same depths on the two 
sides of the fault indicates that it does not occur in the same beds on 
the southwest side of the fault as on the northeast side. Apparently 
the evidence now available does not show the amount of offset that 
has taken place along the fault, nor determine the conformity of the 
upper and lower beds. It is not even certain in which direction the 
movement producing the offset took place. The greater productivity 
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of the wells on the southwest side of the fault could be explained by 
assuming that the source of the deep oil in this part of the field was 
on the southwest, and that its migration northeastward into the 
Townsite-Barley Field block has been impeded by the Walnut Street 
fault. 

There are several reasons for believing that only part of the Hunt- 
ington Beach oil field is situated on the land. The part of the field now 
known is structurally a half dome complicated by faulting, the other 


Fic. 4.—Aerial photograph showing Tidelands area opposite Barley 
Field and Townsite areas. 


half presumably being off shore. Not enough data are yet available 
to show whether the formations in the Tidelands block continue to 
rise southwest or whether at the foot of Fourteenth Street or Fifteenth 
Street or elsewhere they may not already be across the axis and on the 
southwest flank of the anticline. The contours shown on the Mining 
Bureau map are broken in this area along the coast because the form 
shown was recognized by the authors of the map to be almost cer- 
tainly incorrect. The main production in the Tidelands block is in 
the lower zone, as it is in the Townsite-Barley Field block, and it is 
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true that the particular geologic formation (Miocene) in which this 
production occurs has a characteristic tendency to be thrown into 
complicated minor folds and small faults where adjoining beds are 
not so affected; but it is not possible to work out correctly the form 
of such minor variations without many accurate observations, and 
as the major structure is of first importance, it is usually not worth 
while to try to determine the minor structures. 

Another important bit of evidence is available which indicates 
strongly that the axis of the dome is just a little off shore and roughly 
parallel with the coast. Airplane photographs (Fig. 4), taken when 
the water was clear and relatively quiet, show a dark patch in the 
water about half a mile off the coast opposite the end of Thirty-Eighth 
Street. This is undoubtedly a rock ledge on which kelp is growing, 
which statement is supported by the direct testimony of fishermen 
and lobstermen familiar with these waters. The rock is said to be 
sandstone occasionally exposed in part at extremely low tides. The 
larger patch shown by the photographs is much elongated parallel 
with the coast and has a more distinct limit that is concave on the 
northeast side. There is also a smaller patch southeast of the main 
patch (which is the one sometimes exposed at low tide) where the 
continuation of the sandstone outcrop on the same curvature shown 
by the inner side of the larger patch might be expected. This curva- 
ture indicates that this ledge is on the south side of a domal uplift 
along the anticlinal axis. 

There is a third reason for believing that the axis of the anticline 
is just off the coast. The Main Street block in the Huntington Beach 
field is so situated that oil migrating in the Ashton zone up the dip 
from an inland source, after passing through the Old Field block, is 
deflected into the Bolsa and Tar zones above the Ashton. Apparently 
none of it remained or went down into the deeply depressed sands in 
the Main Street block, which correspond with the Ashton zones of 
the other blocks. This would effectively prevent the migration of oil 
from an inland source to the deep zone of the Townsite-Barley Field 
and Tidelands blocks. Hence, it seems that the oil must have migrated 
into these deep zones of the Townsite, Barley Field, and Tidelands 
areas from a source off shore, by following up the southwest flank of 
the anticline and crossing over the axis. In doing so, it would not be so 
likely to go down the northeast flank of the anticline as to remain 
mostly on top. The fact that production in the Townsite and Barley 
Field areas declines rapidly in northerly directions down the dip is 
in support of this view. This abrupt decline is similar to the decline 
observed in the Bolsa zone of the Old Field area down the dip away 
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from the High School fault, from which the oil of that zone probably 
came. 

Thus there are three reasons for believing that the axis of the main 
anticline or dome of the Huntington Beach field lies just off the coast 
at the foot of Thirty-Eighth Street: (1) the general half-dome struc- 
ture of the known part of the field; (2) the evidence of the location of 
the south flank afforded by the air photos; and (3) the probability 
that the oil in the deep zones of the Tidelands and Townsite-Barley 
Field blocks came from a seaward source over a near-by axis. It re- 
mains to be considered whether this axis off shore opposite the foot of 
Thirty-Eighth Street, or a branch of that axis, might in continuation 
reach the shore anywhere in the vicinity of Huntington Beach. It is 
likely that any wells drilled on or near the axis would yield the highest 
production, and that in a row of wells along the beach those having 
the maximum production would mark the crest of any anticline that 
might be present, especially if the production of the other wells in 
the row shows a regular decline in both directions away from the 
maximum. Initial production records such as are published when wells 
are brought in do indicate that the Standard Oil Company’s Pacific 
Electric lease wells reach a maximum at wells Nos. 1, 3, and 16 and 
decline regularly southeastward to No. 15, the farthest away, and 
that they also decline, but less regularly, in the opposite direction 
from this central group. 

It appears, therefore, that some kind of an axis or structure comes 
ashore at or near these Pacific Electric wells. This may be the plung- 
ing main axis of the whole field, or it may be a subsidiary axis or 
nose of structure branching from the main structure. In any case, if 
the high point of the dome is about a quarter mile off the coast from 
the foot of Thirty-Eighth Street, the axis at well No. 3 would be 
plunging east-southeastward. This same axis is indicated on the struc- 
ture-contour maps of the Mining Bureau, continuing practically due 
eastward in both the tar zone and the deep zone of the Townsite area, 
and although obscured by faulting, it appears to have affected also 
the structure of the Main Street and Old Field blocks. The existence 
and the position of this axis are therefore pretty well determined by 
observed geologic facts. 

As nearly as can be judged, the crest of this structural axis should 
extend along or near Ocean Avenue from the southwestern corner of 
the Townsite southeastward unless there are other complicating fac- 
tors. The Walnut Street fault does, however, introduce a complicating 
factor. At least one well which is believed to have drilled through the 
fault indicates that the fault is not exactly vertical. It slopes slightly 
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southwest. Production from the ocean side of this fault along the 
crest of the main structural axis of the Huntington Beach field may 
reasonably be expected to be the largest and most important devel- 
oped in the whole area. 


SOURCES OF DATA 


The main sources of information on the geology of the Huntington 
Beach area are in the published reports of the California State Mining 
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FACTORS GOVERNING ESTIMATION OF RECOVER- 
ABLE OIL RESERVES IN SAND FIELDS! 


O. L. BRACE? 
Houston, Texas 


ABSTRACT 


There are two ordinarily acceptable means of approach to the problem of estimating 
oil reserves: decline curves and the “volumetric” method. The former has had the 
field of its effectiveness reduced by the artificial production methods created by prora- 
tion. 

Of the many “volumetric” factors bearing upon this problem, the basic ones, 
(1) thickness and character of reservoir rocks, (2) porosity and degree of saturation, 
(3) contained gases, (4) temperature, and (5) contained moisture, relate to the quanti- 
ties of original oil within the reservoir. Each of these presents difficulties of interpreta- 
tion, and errors, if cumulative, may account for the discrepancy between a high initial 
estimate and a low actual recovery. 

Proration, because it greatly prolongs a stage comparable with the “flush” period 
in older fields, encourages a growing tendency to overestimate the reserves of oil in 
new fields. This tendency may be partially overcome by a more thorough analysis of 
those factors employed in such appraisals and by a recognition of the artificial character 
of the conditions governing production today. 

It has become the practice to give to “recoverable oil percentages” a definite 
value, but, without an exact knowledge of the amounts of original oil, it is obvious that 
this factor is an approximation, at best. Whether or not the value of this percentage is 
predictable, it is probable that the influence of certain aids to recovery, such as the 
“‘water drive,” has been much exaggerated. 

The writer offers no fool-proof method of overcoming the difficulties inherent in 
this problem but calls attention to the harmful effects of overestimation and suggests 
a recognition of all of the factors having a bearing on such calculations and the adoption 
of a more conservative attitude toward their evaluation. 


INTRODUCTION 


The solution of the problems involved in the estimation of recover- 
able oil reserves belongs essentially to the geologist. Of the factors 
upon which such calculations depend, the most important are those 
dealing with the lithology and texture of the reservoir rocks and, at 
last analysis, all other factors are of secondary importance in com- 
parison with those of sand thickness and sand character. Without a 
thorough understanding of these questions, an intimate knowledge 
of the other factors bearing upon the problem is of little aid in arriv- 
ing at a true picture of reserves. 

A consideration of the technical literature of the past decade indi- 


1 Manuscript received, January 2, 1934. 


2 Consulting geologist, 2104 Bissonett Street. The writer wishes to make acknowl- 
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paper and for constructive criticism of the completed manuscript. 
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cates that serious study of this problem has gradually passed from 
the geologist to the petroleum engineer, resulting in concentrating 
attention upon the secondary factors bearing on the mechanics of 
recovery and away from the primary one of lithologic reservoir char- 
acteristics. In this period, the subject has been touched upon in nu- 
merous geological field reports, but the question of recovery is ordi- 
narily treated as a secondary issue and is dismissed with a casual 
statement as to the probable per acre yield, without supporting data 
of a technical nature. In other words, the geologist, while cont’. 1ing 
steadily to improve his knowledge of structural interpretation leading 
to the discovery of new fields, seems to have been satisfied, after dis- 
covery, to make a broad guess as to the quantities of recoverable oil 
to be anticipated from the new areas which his efforts have brought 
to light. 

During the past 10 years there has been a distinct change in the 
attitude of the oil industry toward the question of reserves. Undenia- 
bly, with the unstable economic conditions of to-day, this problem is 
of utmost importance. In the pre-war period, interest was centered in 
the possibility of an early exhaustion of our main oil resources, with 
little concern for the day-to-day relation between production and 
consumption. In that period, tremendous quantities of surface storage 
oil were in the process of accumulation and excess production was run 
to storage with little effect upon market conditions. At about the time 
the storage of oil was progressing up to and beyond economic limits, 
the industry entered a phase in which improved methods of scientific 
exploration and deeper drilling made available vastly greater supplies 
of oil than could be immediately utilized. These revolutionary dis- 
coveries served to push back the old fear of an early exhaustion of re- 
sources, submerging it beneath the problems created by a day-to-day 
flooded market. Proration was seemingly an unavoidable product of 
such a situation, and it was with proration that the practice of esti- 
mating reserves developed into a problem of critical importance. 

It can safely be said that proration has fostered a tendency to 
overestimate the potentiality of new fields. The causes back of this 
tendency are largely psychological and arise from the unnatural con- 
ditions governing present-day production. Fields that are developed 
under a system of very limited output, tend to build up an illusion 
of high potentiality that is not borne out by a rational study of 
reservoir conditions. 

Although there has been less serious consideration of this problem 
in the geological literature of recent years than the importance of the 
subject justifies, much prediction as to the capabilities of new fields 
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has appeared in the press and in trade journals. Upon the discovery 
of each new major field, early estimates on ultimate recovery are 
broadcast through the media already mentioned or through verbal 
discussion and, in many instances, have produced exaggerated ideas 
as to the true importance of fields. The difficulties into which a false 
viewpoint toward this question may lead us are readily brought out 
by a consideration of the present economic position of the oil industry. 
Most of the difficulties with which it has been beset in recent years 
may be traced to an apparent oversupply of oil. While there has un- 
questionably existed a day-to-day oversupply, partially due to the 
fact that it is no longer economically feasible to run overproduction 
to storage, this industry differs from many other basic industries in 
that the reserves upon which its existence depends are exhaustible 
and irreplaceable. The day-to-day supply, therefore, should be of 
secondary importance to the question of future supplies and it is in 
this sense that a faulty estimation of such reserves can create a view- 
point that may seriously undermine the stability of the industry. 

It is not the purpose of this writer to criticize the geologist, past or 
present, for his apparent failure to recognize the paramount impor- 
tance of this problem in its bearing upon the future of the industry. 
It is, rather, desired to discuss, in a non-technical manner, the factors 
involved in the calculation of reserves and to draw attention to the 
high factor of error lying, unavoidably, at the foundation of the most 
conscientious appraisal. Possibly, in this way, further discussion of a 
more technical nature may be encouraged and may lead ultimately 
to the widespread adoption of a more cautious attitude toward the 
premature application of these principles of analysis. 


PRIMARY FACTORS 


There are two ordinarily acceptable methods of estimating the 
quantity of oil trapped within a given reservoir: decline curves and 
“volumetric” analysis. The two methods approach the problem from 
different angles and at different stages. Decline curves have as a 
basis the data furnished by production performance and they can not 
be made to function in a given area until development has reached a 
stage of considerable advancement. ‘Volumetric’ study, however, 
primarily requires a knowledge of the physical conditions characteriz- 
ing the reservoir rocks and is ordinarily to be applied in the early 
stages of development. A basic difference in the operation of the two 
methods is that decline curves deal only with recoverable oil, while 
“volumetric” study concerns itself mainly with reservoir capacity. 

In the pre-war period, decline curves supplanted an earlier use of 
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the “volumetric” method because of the greater accuracy of the re- 
sulting estimates. At that time, the impracticability of applying the 
decline-curve method to fields during their early or “flush” stage was 
not considered an important defect. The advent of proration, how- 
ever, has forced a discontinuance of their use excepting in the case 
of pumping fields. Such curves, constructed from the naiural produc- 
ing ability of groups of wells, have quite manifestly had their useful- 
ness in new fields destroyed by the artificial conditions created by 
present-day methods, because these methods tend greatly to prolong 
a stage comparable with the “‘flush”’ stage in the older fields. 


RESERVOIR CAPACITY 


Most of the estimates of visible petroleum reserves made within 
the past decade have resulted from an application of ‘“‘volumetric”’ 
study. Theoretically, this method takes no cognizance of producing 
performance and proration should have had no bearing upon its ef- 
fectiveness. Its use involves the codrdination of several factors, the 
most important of which are: (1) thickness and character of reservoir 
rocks, (2) porosity and degree of saturation, (3) contained gases, (4) 
temperature, and (5) contained moisture. Each of these has a direct 
bearing upon the quantity of oil contained within the reservoir and, 
consequently, upon the quantity that may be removed from it. The 


difficulties that surround a sound appraisal of these factors can easily 
lead to errors of judgment which, if cumulative, may account for the 
discrepancy between a large initial estimate and a small actual re- 


covery. 

Sand thickness and character —Under the most ideal conditions of 
development, a thorough knowledge of sand conditions is necessarily 
impossible. After a discovery is made, indicating the presence of a 
new pool, drilling usually progresses with caution, new locations 
radiating out from the discovery well. The completion of inside wells 
is carried out with only a partial penetration of the sand because of 
uncertainty as to the position of bottom water. Until the edges of the 
pool have been found, the sand section is, therefore, not entirely 
explored. Ordinarily, the general characteristics of the productive sec- 
tion are known through scattered dry tests drilled prior to discovery, 
but there are few instances where these may be accepted as direct 
evidence bearing on the area in which oil has been trapped. 

During the initial stages of development, the sand section below 
the casing seat is thoroughly cored and the material thus recovered 
and brought to the surface constitutes the basis of our knowledge of 
the physical characteristics of the reservoir rocks. In most fields it is 
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not the practice to continue coring after the outlines of the pool have 
been determined, or at least after the initial wells have been com- 
pleted on individual leases, since at this time the position of the casing 
seat is definitely established. Future wells are drilled prescribed depths 
into the “pay” and completed. 

The technique of coring has materially advanced within the past 
few years, but, despite the improvement, recovery is still far from per- 
fect and it is seldom that a well is completed without at least one major 
gap occurring in the record of the producing zone. In areas where the 
productive series is badly broken, it commonly happens that the 
records are rendered useless for detailed examination by the frequency 
of missed cores. This is particularly true of the Cretaceous and Ter- 
tiary fields of the Coastal Plain, where the relationship between the 
sand and shale layers that make up the productive zone is extremely 
variable both laterally and vertically. Coring in these areas is seldom 
more than 50 per cent efficient and, where most in need of reliable 
data, the investigator is often thrown back upon the resources of his 
imagination. His only alternative is to accept the interpretation of the 
driller, which, it has been proved, is of little value for his purposes. 
In most fields the percentage of good sand, according to drilling rec- 
ords, increases with the decrease in the effectiveness of core recovery. 
Inversely, many of the poorest sand sections encountered are logged 
where core recovery has been most nearly perfect. 

As stated, it is normal field practice to core the productive zone 
in newly developed areas in only the key wells. In most sand fields, the 
lithologic character of the “‘pay”’ horizon varies greatly from well to 
well so that with perfect core recovery in these key wells, detailed 
information regarding sand characteristics would still leave much to 
be desired. Add to this the further uncertainties offered by the nor- 
mally poor recovery in the key wells and a result is obtained in which 
imagination occupies a position of major influence. In absence of 
definite facts upon which to base opinion, there is created an almost 
universal tendency to exaggerate the quantity and quality of satu- 
rated sand. 

It is evident that the very considerable latitude at the command 
of the investigator in interpreting these essential data necessitates the 
exercise of much caution in formulating estimates of reservoir capac- 
ity. In instances where there exists a combination of large area and 
highly variable reservoir lithology, errors approximating 35-50 per 
cent may possibly be carried into the calculation of capacity, so that 
failure to apply a reasonable correction factor renders such determina- 
tions worse than useless. In those major fields that have recently 
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reached the peak of production, there is evidence in the present indi- 
cated recovery to suggest that in nearly every case this correction fac- 
tor was neglected in arriving at the early estimates. Further, the fact 
that most estimates were considerably above the indicated recovery, 
suggests conclusively a general tendency to give to questionable data 
the most favorable interpretation possible. 

Porosity and saturation.—In dealing with recovery problems, we 
are first concerned with reservoir capacity. This capacity, assuming 
that thickness is known, is a question of the ability of a sand to store 
oil and depends on the percentage of voids between sand grains. The 
fundamental difficulties attending an accurate appraisal of sand 
thickness and lithologic character are carried progressively forward 
into a consideration of porosity. An understanding of each of these 
characteristics depends on visual examination of the entire sand sec- 
tion, without which, conclusions must be regarded as approximations, 
with a factor of error of unknown quantity. 

Recognized productive reservoir beds are usually typified by wide 
variation in the lithologic character of the included section and, 
within the sands themselves, by a wide range in sand grain size and in 
percentage of voids. This is true whether we are dealing with the Brad- 
ford sand of Pennsylvania, the Woodbine or Cockfield of Texas, the 
Bartlesville of Oklahoma, or the Wall Creek of Wyoming. In many 
instances, where complete core recovery has been possible, voids have 
been found to range from a minimum of one per cent to a maximum 
of 30 per cent in the same saturated zone. 

The Woodbine sand series of East Texas shows an infinite varia- 
bility in both composition and porosity. The sands, normally to be 

classed as productive, vary from hard sandstones to impure sands in 
which the sand-grain interstices are largely filled with silt and vol- 
canic ash, and to coarse-grained quartz sands with a maximum per- 
centage of voids. All of this material may show saturation. 

It has been stated that, under normal field operation, only a small 
part of the sand section is made available to the investigator for visual 
inspection. If this statement is acceptable, then it must be admitted 
that any conclusion as to average porosities is necessarily based on very 
unsatisfactory data. If a piece of sand is selected from a core and 
subjected to porosity tests, the resulting figures are of little signifi- 
cance in their relation to the average porosity for the entire sand sec- 
tion. As a matter of fact, they are as far from acceptable as are the 
statements of the average driller regarding the amount of saturated 
sand penetrated in the course of well completion. 

Experiments by the United States Geological Survey and the 
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United States Bureau of Mines show that initial yield and ultimate 
recovery increase rapidly in relation to increases in porosity. These 
experiments, carried out by Melcher,’ also show that, regardless of 
saturation, sands with voids falling below a minimum of 10-12 per 
cent will ordinarily not yield oil in commercial quantities. In the Bur- 
bank field of Oklahoma, the lower productive limit of porosity, accord- 
ing to this investigator, is 13 per cent. Some of the Bartlesville sand 
fields show a lower limit of 12 per cent, while Burkburnett and Salt 
Creek show limits as low as 10.5 per cent. 

The significance of such findings should not be underestimated. 
In the cores recovered from type fields such as Oklahoma City, East 
Texas, and Conroe, it is known that there are saturated sands of 
favorable appearance in which porosities fall below these indicated 
minima and there are instances where sands, in which voids comprise 
more than 25 per cent of the whole, occur only as relatively thin strata. 
The sands interbedded with these more favorable layers and making 
up the remainder of the section have represented all degrees of poros- 
ity between lower and upper limits. 

United. States Geological Survey experiments with the Bradford 
sand of Pennsylvania show a range of void percentages in the satu- 
rated zone extending from a low of 1.4 to a high of 17.3. In one sand 
section of 62 feet, there was only 29 feet with porosities greater than 
10 per cent, although all of the 62-foot section showed saturation. 
In the fields of the Mid-Continent, it is improbable that such detailed 
pore-space study has been carried out in many complete sand sec- 
tions. This is to be explained by the more difficult coring problems 
presented by the variation in hardness and lithology of the strata 
comprising the “‘pay”’ zones and by the lack of an incentive, such as 
exists in the Appalachian region, to justify the increased expenditures 
which such practices require. 

In the East Texas field, some porosity data have been made avail- 
able, but these cover only thin sections of the higher grade sands. 
As a consequence, the results are of little significance or value. The 
core log of one of these wells, in which the detailed description is 
sufficiently suggestive to furnish a picture of both lithology and poros- 
ity, is given here. This well is the Stanolind-Laird No. 6, I. Ruddle 
Survey, Gregg County, located in the approximate center of the field. 
Core recovery in this well was almost 100 per cent. 

These cores cover a total of 81 feet of “pay” section, 48.5 feet 
of which is sand of varying degrees of purity. Thirty feet of this sand 


3A. F. Melcher, “Texture of Oil Sands with Relation to Production of Oil,” 
Bul!. Amer. Assoc. Petrol. Geol. Vol. 8 (1924), pp. 768-69. 


t 

t 

i 


350 O. L. BRACE 


shows saturation, but no data are available to indicate what part of 
this might be expected to carry porosities of 25 per cent or over. It is 
probable that such percentages would range from as low as 5 per cent 
to as high as 30 per cent, with an average of 15-20 per cent. Attention 
is called to the high ratio of argillaceous material in the section and to 


Depth, Feet Formation 
Base Austin chalk 
Cap rock 
Sand, medium coarse, saturated 
Sand, dry, silty 
Shale, lignitic 
Sand, fine, silty 


Sand, fine silty, dry 
Sand, fine silty, slight saturation 
Shale, black 

Sand, fine silty, dry 
Shale, black 

Sand, coarse, saturated 
Shale, black 

Sand, coarse, saturated 
Sand, dry 

Sand, coarse, saturated 
Shale, black 

Sand, saturated 

Sand, silty, dry 

Shale, black 

Sand, saturated 

Shale, black 

Sand, saturated 

Shale, black 

Sand, saturated 

Shale, black 

Sand, hard, fine, dry 
Shale, black 

Sand, saturated 

Shale, black, sandy 
Sand, lignitic, saturated 
Shale, black 

Sand, silty, dry 

Shale, black 

Sand, fine, dry 

Sand, coarse, saturated 
Shale, black 


the fact that, of the 48.5 feet of sand present, 18.5 feet is too tightly 
cemented to show any trace of saturation. It should be added that 
this core record, according to the observation of the writer, is more or 
less typical of East Texas sand conditions. 

It might be possible to proceed with a description of core records 
from type Cretaceous and Tertiary fields of the Coastal Plain and 
from the Paleozoic fields of Oklahoma, but it is believed that the 
purposes of this paper have been served by the porosity data so far 


; 3,670.5 Sand, fine, slight saturation 
3,671 Sand, silty 
3,673 Shale, black 

4 3,681 
3,682 
3,684.5 
3,686 
3,691 
3,691.5 
3,693 
3,604 
3,695 
3,697 
3,698 
3,698.5 | 
3,699.5 
3,701 | 
3,792.5 

3,794 
35795 
3,706 

3,797 
3,716 
3,717 
3,718 
3,718.5 
3,722 
35723 
35724 
35725 
3,728 
3,730 
3,730-5 
35731 
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presented. The significant point it is aimed to stress is that there is 
no such thing as uniformity in the porosity of any of our known pro- 
ductive sand horizons and the variation in such percentages from 
which averages must be drawn are not readily predictable. In cases 
where recovery has permitted porosity tests on full sand sections, an 
almost complete range of voids has been found. Although it is fre- 
quently the practice to utilize samples of only the best sands as a 
basis for porosity determinations, it is obvious that within this normal 
range, the upper limits, with voids of 25 per cent or greater, are of 
no more importance than are the lower limits, in which voids of less 
than ro per cent predominate. An average, therefore, produces a figure 
falling considerably below the one ordinarily used as a basis for reach- 
ing reservoir-capacity estimates and, in working with variable sand 
sections of any considerable thickness, it is necessary that this down- 
ward correction be made,.if the result is to approximate actuality. 


DEDUCTIONS FOR SHRINKAGE 


Gases and temperature—The bearing of reservoir gases upon the 
estimation of recoverable oil is twofold. Gases, because of their ex- 
pansive power, tend to reduce the oil capacity of reservoirs and, 
through the same property, to facilitate recovery. Increased tem- 
peratures, like gases, serve to expand the oil and thereby to reduce 
reservoir capacity. Due to the similarity in the results produced by 
their functioning, these two factors are considered together. 

In a reservoir, gases occur in three forms: (1) as an integral part 
of the oil, in which case they are dissolved in it and serve to increase 
the bulk of the oil body and to lower its viscosity; (2) in a miscible 
relationship with the oil; that is, disseminated throughout the oil body 
as a gas; and (3) as a separate and distinct gas body in the higher 
reaches of the reservoir. In the first two forms, gas has a very pro- 
found bearing upon reservoir capacity. 

In ordinary practice, the terms “reservoir oil’’ and “‘recoverable 
oil” are misleading in that they are used to designate relative quan- 
tities of oil when brought to the surface. The distinction between oil in 
the reservoir and oil in the tanks is an important one because of the 
shrinkage that takes place through escape of gases and the reduction 
in temperature when oil is produced. The problem involved is some- 
what as follows. In a given area, a study of sand thickness and poros- 
ity has led to acceptable conclusions as to reservoir capacity. It is 
then assumed that the reservoir contains so many barrels of oil per 
acre, of which a certain percentage is recoverable. In reality, since 
reference is made to reservoir oil in terms of surface oil, this conclu- 
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sion does not take account of the facts. Recent experiments by the 
United States Bureau of Mines indicate that the shrinkage occasioned 
by the escape of gases and by thermal contraction is a factor of great 
importance and that it must be given consideration. 

In experimenting with East Texas oils, Lindsly* found that, under 
conditions approximating actual production practice, the shrinkage 
in volume of crude in the passage from reservoir to surface amounts to 
approximately 20 per cent. Of this, he attributes a loss of 3.5-4 per 
cent to thermal contraction and the remainder to liberation of dis- 
solved gases. Explanation lies in the fact that, under increased pres- 
sures, oil shows an increasing affinity for gas and, by absorption, its 
bulk is enlarged and its viscosity lowered. Inversely, as pressures de- 
cline, this affinity is destroyed, gas is released, and shrinkage takes 
place, together with a proportionate rise in viscosity. Proof of this 
action is to be found in the variation in gravity of oil produced from 
well to well, this change being brought about by the loss or retention 
of the lighter gas fractions, resulting from variations in production 
practice. In the instance of this particular experiment, oil was re- 
leased from original reservoir pressures of about 1,600 pounds, and a 
temperature drop from 146° F. in the reservoir to 90° F. at the sur- 
face was produced. In experiments with Kettleman Hills crude, Lind- 
sly® found a shrinkage due to these same causes equivalent to 36 per 
cent. Here the pressure and temperature reductions were greater, due 
to the added depth to the reservoir rocks. 

It is probable that the principle established as a result of these 
experiments may be considered to have a universal application in the 
estimation of reserves. Lindsly makes such an application in estimat- 
ing that the approximately 262 million barrels of oil produced from 
the East Texas field at the time of his experiments, occupied a space 
in the reservoir equivalent to 327 million barrels. It is probable that 
this correction for shrinkage due to reduction in temperature and to 
escape of dissolved gases will approximate 25-30 per cent at Conroe 
and at Oklahoma City. 

Moisture —An additional factor having a bearing of probable im- 
portance on the estimation of reserves is that of contained moisture. 
Little consideration has been given to this subject in available litera- 
ture, and statistical data are so meager that treatment here is brief. 

Considering the processes of deposition, it has long been recog- 


‘ Ben F. Lindsly, “Gas Solubility Study Conducted, etc.,” Oil and Gas Jour. 
(June, 1933). 


5 Idem, ‘Preliminary Report Regarding Solubility of Natural Gas in Crude Oil,” 
Amer. Inst. Min. Met. Eng., New York meeting, February, 1931. 
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nized that connate waters tend to resist the replacement action of 
oil and gas. This is especially true of water occupying those finer in- 
terstices that constitute an appreciable percentage of the voids. 
Within a producing area, the fact that the produced oil is clean is no 
index as to the presence or absence of moisture in the sand, since the 
forces that held the water in place during oil migration would perform 
the same function during oil extraction. 

Under circumstances which the writer is not at liberty to divulge, 
an organization performed experiments along this line in a Coastal 
field. In this field, early estimates, based on meager ‘“‘volumetric’”’ 
data, suggested a recovery of 17,500-20,000 barrels per acre. Actual 
production statistics lowered this estimate to a probable 7,000-10,000 
barrels. In seeking an explanation for this discrepancy, sand cores 
were distilled and their fluid content analysed. Cores from the center 
of the field, where no water had appeared with production, were found 
to contain moisture to the extent of 16 per cent of the fluid. 

As already stated, statistical data are too meager to permit ex- 
tended discussion. The instance cited may be an isolated one and have 
little bearing on general conditions. The writer is inclined to think, 
however, that contained moisture is present in all fields and that it 
may constitute an important factor in some of them. There is one 
phase of the problem that may minimize its importance in the esti- 
mating of reserves. Since the retained moisture was not displaced by 
the incoming oil during migration, it obviously occupied, in the main, 
the finer void spaces in the reservoir rocks. It is possible, therefore, 
that moisture is largely confined to those zones where porosities fall 
below 10 per cent and from which no commercial oil may be antici- 
pated, as suggested by the experiments of Melcher. This is a question 
that will require additional experimentation to clarify. As to the dis- 
crepancies between early estimates and actual recovery in the in- 
stance just noted, it is probable that partial explanation lies with the 
improper valuation of those other factors with which this paper is 
concerned. 


RECOVERY PERCENTAGES 


The mechanical process of oil recovery is accomplished through 
the agency of certain inherent forces confined within the reservoir. 
The rocks which serve as a trap for oil and gas lie at varying depths 
beneath the surface, and a differential between reservoir and surface 
pressures exists through the action of weight of overburden, expanded 
gases, and hydrostatic water head. When a reservoir is penetrated 
by the drill, oil is forced to the surface in an effort to equalize these 
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pressures and one or more of these forces acts throughout the life of 
the field to move oil toward the well mouth. 

The most important of the,agencies of recovery is gas. As already 
set out, gas occurs in oil reservoirs in a dissolved form, in a miscible 
form, and as a separate body. In each form it adds something to the 
ability of the oil to escape naturally from a pool. There is rather 
strong evidence to indicate that the influence of varying oil-gas ratios 
on ultimate recovery has been overemphasized. It is believed, rather, 
that the main influence of such variation is on the ratio of flowed oil 
to pumped oil, and not on ultimate yield. In other words, a field in 
which the oil is saturated with gas will in all probability flow a greater 
percentage of its recoverable oil than one in which there is a consider- 
able undersaturation, but it is not so certain that it will show a greater 
ultimate percentage of recovery. 

The second important factor in mechanical recovery is the so- 
called ‘“‘water drive.’”’ For many years much stress has been placed 
upon the importance of this force, but there is now a rising tendency 
toward the belief that water encroachment has but a secondary in- 
fluence upon ultimate recovery in sand fields. There is little doubt 
that as gas pressure within the reservoir approaches exhaustion, en- 
croaching marginal and bottom water tends to render assistance by 
washing the sand and by adding bulk to the fluid entering the well, 
but in the flush stage its replacement action is ordinarily too slow to 
serve as an aid in maintaining flowing pressures. Water is supposed, 
according to popular theory, to act as a flushing agent by rushing into 
the sand and breaking down the cohesive forces set up between the 
sand grains and the oil, but this is true only in a strictly modified 
sense. As a matter of fact, the movement of water in the normal sand 
reservoir may more aptly be described as a percolation than as a 
drive. In advancing through the sand, it naturally follows those 
highly permeable strata from which oil has most readily moved and 
avoids those strata of low permeability which are most in need of a 
flushing medium, so that even though water entered the reservoir 
with considerable force, its action would in no sense be distributed 
over the whole sand body. It is logical to assume that the ultimate 
effect of an abundant and steady water encroachment upon a wide- 
spread sand body of uniform permeability would be to very materi- 
ally increase oil recovery. Under conditions normally encountered, 
however, it is improbable that an active “‘water drive,’’ as compared 
to a sluggish “‘water drive,”’ would influence ultimate recovery by a 
margin to exceed 10-15 per cent. 

The writer is unable to find much technical background for the 
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recoverable oil percentages applied in the ordinary estimate. The 
parts of this whole complex problem are so tied together that one 
depends upon the other for the ultimate solution. Of all the factors 
in this general equation, recoverable oil percentage has fewer quali- 
ties of its own on which to base conclusions. In ordinary practice, a 
pool estimated to contain 120 million barrels, and that has ultimately 
produced 48 million barrels, may be said to have shown a recovery of 
40 per cent. Or, to reverse the process, with a recovery factor of 50 
per cent and actual recovery of 50 million barrels, a reservoir is as- 
sumed to have contained initially 100 million barrels of oil. Unfortu- 
nately, in each of these cases, two of the essential factors are imagina- 
tive, entirely lacking in tangible background. An example of this 
method of reasoning may be cited from a paper by Snow,’ in which 
he compares sand conditions and recovery in the Bartlesville sand 
pools of Oklahoma, with those in the East Texas field. It is stated 
that sand conditions are equally good in both areas; that the Bartles- 
ville sand pools have averaged only 8,000 barrels per acre, represent- 
ing only 15 per cent of the contained oil, and that this low recovery 
percentage is attributable to ineffective ‘‘water drive.”’ It is further 
stated that exact figures as to thickness, porosity, and permeability 
of the oil-saturated portions of the Bartlesville sand are not available. 
On the basis of this last statement, it is obvious that the reservoir 
capacity of these pools is not known. Is it not possible, or even proba- 
ble, that the amount of oil originally present has been overestimated 
and that the percentage of recovery, whether with effective ‘“‘water 
drive” or not, has been greater than the estimates indicate? Surely, 
it can not be said with assurance that a field has produced a very low 
percentage of its original oil when the quantity of that oil is ad- 
mittedly unknown. 


CONCLUSIONS 


The discussion of the factors involved in the estimating of re- 
serves has been taken up in this paper primarily from the standpoint 
of their controversial character. The non-technical type of treatment 
bears witness that there has been no desire to advance a mathematical 
solution by which such calculations may be rendered fool-proof. As 
a matter of fact, the various factors that form a basis for this study 
offer such obstacles to accurate interpretation that it is improbable 
that such a solution could be devised. Because of these inherent diffi- 
culties, the best that may be hoped for is to promote improvements 


® D. R. Snow: “Water Encroachment in Bartlesville Sand Pools, etc.,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 16, No. o (September, 1932), pp. 881-90. 
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whereby errors in evaluating the unknown quantities may be re- 
duced to a minimum. At this time, such reductions can only be ac- 
complished with great difficulty, but experience should serve as a 
guide toward eventually striking averages that will produce accepta- 
ble results. 

There follows a recapitulation of the various factors that form the 
ground work for this problem. 

1. In estimating thickness and character of reservoir beds, lack 
of opportunity for visual inspection leaves much to the imagination. 
General thickness of the productive zone may be deduced with fair 
accuracy, but character, particularly under conditions where lenticu- 
larity brings about rapid gradations in lithology, must depend for de- 
termination upon the meager acceptable data available. 

2. Porosity figures, to be of value, must consist of detailed aver- 
ages for the complete sand section. To secure these, an understanding 
of sand characteristics elsewhere must often be used to supplement 
the meager, but more significant, local data. Regardless of source, 
it is of paramount importance that the wide variation in porosity 
ratios typifying the normal saturated sand section should be recog- 
nized. 

3. The influence of dissolved gases and temperature upon expan- 
sion of oil bulk is of positive character and readily measurable and 
allowance may be made for it with reasonable accuracy. Present ex- 
perimental data suggest that nowhere may this factor be disregarded 
if results are to approximate actual conditions. 

4. Included moisture constitutes an important but little under- 
stood factor bearing on the exact solution of these problems. Before 
a correction for its use may be generally applied, more experimenta- 
tion must be carried out. 

5. The question of recovery percentages hinges on that of reservoir 
capacity, since a statement as to the former presupposes an almost 
complete knowledge of the latter. Normally, the ratio of reservoir oil 
to recovered oil should vary but little from pool to pool. This com- 
mon ratio, customarily established without recourse to technical rea- 
soning, has, however, no satisfactory value. 

In conclusion, it is desired once more to emphasize the necessity 
of recognizing the indeterminate quality of the most important of the 
factors which enter into a ‘“‘volumetric” estimate of recoverable oil 
from a field. It will probably not be denied that there has been a 
general tendency to overestimate, through partial application of the 
“volumetric” method, the quantities of oil to be recovered from our 
recent pools during their “flush” stage; also it will probably not be 
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denied that this tendency results from the practice of giving the most 
favorable interpretation to all data where values are in doubt. There 
is a natural inclination to give to sands not available for visual in- 
spection, the benefit of all questions involving saturation. Likewise, 
porosity determinations are most frequently made from samples 
which are of higher porosity than the average for the entire productive 
sand thickness, despite the common knowledge that sands of low 
porosities constitute an important part of the “pay” section. Un- 
fortunately, errors in estimating productive sand thickness, porosity 
and saturation, are most likely to accumulate in the direction of over- 
estimation of reservoir capacity, so that this tendency, plus a non- 
recognition of shrinkage resulting from thermal contraction and loss 
of gas, has resulted, in many instances, in estimates that appear to- 
day to be exceeding actual recovery by 25-100 per cent. Although it 
must be admitted that the scaling down of these optimistic values 
can not be carried out without some risk, the common sense that 
arises from experience should guide the investigator nearer a fair ap- 
proximation than the methods of the past have produced. 

As a close to this paper, the question naturally arises, who benefits 
from an unreasonably optimistic estimate of recoverable reserves? 
Surely, neither the petroleum industry nor geologists as a group. 
From the standpoint of the industry, it is a positive necessity that 
a reasonable reserve be maintained as a guard against future demand 
and it is one of the important duties of the geologist to determine the 
size of such reserves so that the degree of this protection may be 
known with reasonable certainty at all times. Such a duty can not be 
fulfilled by maintaining a spirit of false optimism, based largely upon 
imaginative conclusions, but requires, rather, a conservative atti- 
tude in which both experience and common sense are prime factors. 
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ABSTRACT 


The term “base exchange,” as commonly used, refers to the alteration in cation 
composition of a solid resulting from treatment with a salt solution. Many minerals 
undergo cation exchange to some extent, certain types of clays being especially reactive 
in this regard. Treatment with ocean water produces notable cation exchange in clays. 

Although sodium is the dominant base of ocean water, its magnesium plays a 
greater part in base exchange with clays than sodium. For example, soils recently sub- 
merged in ocean water and samples of soil and a bentonitic clay, after treatment with 
ocean water, have been found to contain somewhat more replaceable magnesium than 
replaceable sodium. On the other hand, Taylor and Case reported that clays, overlying 
oil deposits, contain little replaceable magnesium and relatively much replaceable so- 
dium. These facts suggest that the oil-field clays have been in contact with salines 
quite different from ocean water. The composition of oil-field brines is in harmony with 
this conclusion. However, it is possible that the base-exchange constituents of the oil- 
field clays have undergone molecular re-arrangement or crystallization since being de- 


ex to in ocean water, with the result that the magnesium has passed into nonreplacea- 
e forms. 


INTRODUCTION 


It is well established that various kinds of salt solutions react 
chemically with certain kinds of clays. This reaction is commonly re- 
ferred to as base exchange. Strictly speaking, the reaction is cation 
exchange rather than base exchange. It denotes that more or less of 
the cations of the salt solution exchange places with some one or more 
of the cations that are held by the clay. Therefore, when a clay is 
treated with a salt solution, the chemical composition of both the 
salt solution and the clay becomes altered. If, for example, a solu- 
tion of sodium chloride is shaken with a sample of ordinary clay, or 
if the solution is allowed to seep through a bed of the clay, a part of 
the sodium of the solution will replace more or less calcium or magne- 
sium that was originally combined with or absorbed by the clay. 
The result will be the formation of what is now known as sodium 
clay. Conversely, the sodium chloride solution will lose some of its 
sodium and gain an equivalent amount of calcium or magnesium. 


1 Manuscript received, October 23, 1933. 


? Citrus Experiment Station, University of California. Introduced by W. B. Wil- 
son. 
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If calcium clay is treated with a solution of magnesium chloride, 
more or less of the calcium will likewise be replaced by magnesium, 
and if calcium clay is treated with a solution containing both sodium 
and magnesium salts, calcium will be replaced partly by sodium and 
partly by magnesium. In the last named case the relative extent to 
which sodium and magnesium take part in the reaction will be de- 
termined chiefly by the ratio of sodium to magnesium in the original 
solution. This cation-exchange reaction is usually found to be more 
or less completely reversible, which denotes that sodium or magne- 
sium clay can be converted into calcium clay by ange treatment with 
a soluble calcium salt. 

There are also many other substances of mineralogical and geo- 
logical interest that are capable of undergoing more or less cation 
(base) exchange. For example, Lemberg (5)* showed that leucite can 
be converted into analcite by treating the former with a solution of 
sodium carbonate. This conversion of leucite into analcite involves 
base exchange quite analogous to that which the clays undergo. An- 
other class of substances, whose base-exchange property is more gen- 
erally recognized, is that of the natural zeolites. Moreover, Sullivan 
(9) and others have shown that a great many other complex silicates 
are capable of undergoing cation exchange to some extent. 

Although many of the clay minerals that occur in the state of na- 
ture will react with salt solutions by cation exchange, not all clays 
possess this property. For example, kaolinite does not undergo cation 
exchange to any important extent, for the reason that kaolinite does 
not contain important amounts of replaceable bases of any kind. By 
replaceable bases we ordinarily mean calcium, magnesium, potas- 
sium, and sodium. The aluminium and iron of ordinary clays are not 
replaceable by the cations of ordinary salt solutions. 

The natural clays differ in their content and in the kind of re- 
placeable bases which they contain. Calcium is usually the dominant 
replaceable base of clays, but magnesium clays are found in certain 
deposits and certain beds of clays contain relatively much replaceable 
sodium. At least one of the clay minerals (Ordovician bentonite) con- 
tains considerable replaceable potassium. 

There is good reason for the belief that sodium clays occur only 
in deposits that have been overrun by solutions of sodium salts. 
Briefly, this conclusion rests on two lines of evidence: (a) the proper- 
ties of sodium clay; (b) the character of the deposits. Sodium clay 
is relatively unstable chemically. It is easily converted into hydrogen 
clay, calcium clay, or magnesium clay. A bed of sodium clay will be 

* Numbers in parenthesis indicate references at end of article. 
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preserved for a long period as sodium clay only provided that it is 
so situated as to be protected from the action of solutions containing 
other cations. Even very dilute solutions of calcium salts, such as 
calcium bicarbonate, will gradually convert sodium clay into calcium 
clay. 

When all of the different replaceable bases that are held by a given 
clay deposit have been replaced by one base, calcium for example, the 
clay is said to be saturated with that particular base. The total 
amount of replaceable bases that are held by a given clay is a fairly 
definite quantity and can be determined analytically. 

The replacing power, or what is sometimes called the energy of 
replacement of the different metallic cations, differs widely. It is well 
established that calcium possesses high replacing power; magnesium 
stands next, followed by potassium and then by sodium. This means 
that sodium clay is relatively easily converted into calcium clay. All 
that is necessary to accomplish this conversion is to leach the sodium 
clay thoroughly with a dilute solution of some calcium salt. However, 
it is difficult to leach a bed of sodium clay with water because sodium 
clay is extremely impervious to water owing to the fact that it tends 
to be highly deflocculated. However, sodium clay is more or less per- 
vious to dilute solutions of calcium salts. 

Since waters of meteoric origin commonly contain more or less 
calcium bicarbonate, it is to be expected that sodium clays, upon be- 
ing subjected to prolonged leaching in the state of nature, will be- 
come converted more or less completely into calcium clays. This is 
one reason why sodium clays are not more commonly found. There is, 
however, another and perhaps more important factor. Reference is 
made to the réle played by calcium carbonate. If, for example, a 
sodium clay is interbedded with calcium carbonate, rain water falling 
directly on the deposit will dissolve more or less calcium carbonate 
and the calcium thus dissolved may ultimately convert the sodium 
clay into calcium clay. It appears that this conversion may take place 
without the mass assuming the granular structure of normal calcium 
clay. A full explanation of this fact can not now be given, but experi- 
mental evidence shows that calcium clay, after having been pro- 
nouncedly deflocculaied by treatment with sodium salts, regains its 
granular structure extremely slowly. Therefore, the fact that a given 
clay is sticky and more or less impervious to water does not neces- 
sarily indicate that it contains sodium clay. 

Calcium or hydrogen clays predominate in the soils of humid cli- 
mates. On the other hand, sodium clays are found here and there in 
the soils of arid regions, owing to the action of soluble sodium salts 
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which accumulate in these soils. Investigations by the senior writer and 
his associates, now in process of publication, show that the sodium 
clays of alkali soils may be converted into calcium clays by leaching 
with water, provided calcium carbonate is a constituent of the soil. 

A few years ago E. McKenzie Taylor (10, 11, 12) reported that 
the shales and clays overlying the oil deposits of several different oil 
fields contain sodium clay as their dominant constituent. Recently 
Case (1) verified this fact in studies on the shales of certain Oklahoma 
oil fields. Taylor holds that the marine origin of these deposits ac- 
counts for the fact that they contain sodium clay. As is well known, 
sodium chloride is the most abundant constituent of sea water. Ac- 
cording to Taylor, the clays of oil-field deposits were acted upon by 
the sodium chloride of sea water during the period of submergence, 
with the consequent conversion of the normal calcium clays into so- 
dium clays. On the other hand, Case has expressed some doubt about 
Taylor’s hypothesis. 


TABLE I 


REPLACEABLE BASES IN OrL-FIELD SHALES 
(Expressed as milli-equivalents per 100 grams) 


Reported by Taylor (10, 11, 12) Reported by Case (1) 
Location Ca Na From Ca Na 
Oklahoma 
Sample 
Rumania 
Average of 4 samples 3-6 


West Indies 
Average of 6 samples 


Trinidad 
Average of 4 samples 


Mexico 
Average of 12 samples 


Alsace 
Average of 6 samples 


Texas 
Average of 4 samples 
California 
Average of 9 samples 


In Table I are reported representative analyses of oil-field shales 
made by Taylor and Case. The data are expressed as milli-equivalents 
per 100 grams. They show that the content of sodium clay exceeds 
that of calcium clay in every sample that was studied. With certain 
samples, practically the only replaceable base found was sodium, 
which implies that almost all of the clay has been converted into 


i 


2 4-5 11.5 ; 
4 3-8 11.8 
6 2.7 9-9 
8 6.7 19.5 
Average 3-8 11.2 
4.8 13-4 
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sodium clay. Taylor made no mention of the presence of magnesium 
clay in his samples, but Case stated that the amounts of replaceable 
magnesium in the Oklahoma samples were negligible. 

In contrast to these oil-field clays, soils recently submerged by 
ocean water have been found to contain relatively much magnesium 
clay. Hissink (3) reported, for example, that the marine muds on the 
coast of Holland contain more replaceable magnesium than sodium 
(Table II). Page and Williams (6) investigated certain soils along the 
coast of England that had been submerged by sea water a short time 
previously owing to an excessively high tide. Their results agree very 


well with those of Hissink. 
TABLE II 


REPLACEABLE BASES OF SoILS AND CLAYS RECENTLY ACTED UPON BY SEA WATER 
(Expressed as percentage of total replaceable bases) 


Ca 

Reported by Hissink (3) 24 
Reported by Page and Williams (6) 47-9 
Reported by Salgado (8) 

85.0 

84.4 

75-4 

71.6 


The recent investigations of Salgado (8) are of special interest in 
this connection. He investigated certain clay soils and subsoils of 
England that have been derived from Jurassic and Cretaceous sedi- 
ments of marine origin. None of these was found to contain important 
amounts of sodium clay, but significant amounts of replaceable mag- 
nesium were found in every sample, and it is especially interesting 
to note that the amount of replaceable magnesium increased mark- 
edly with depth. Since paleontological evidence shows that these de- 
posits were laid down in sea water, it is certain that more or less so- 
dium clay was formed during the submergence with sea water. The 
fact that sodium clay is not now an important constituent of these 
deposits strongly supports the statement made above, namely, that 
sodium clays are relatively unstable and easily converted into calcium 
clays by the action of meteoric waters. As is well known, more or less 
calcium carbonate is commonly deposited on the floor of the ocean. 
Marine deposits are likely, therefore, to contain more or less cal- 
cium carbonate, which, as stated already, is a potential source of cal- 
cium by which the sodium clays formed during the submergence may 
later become converted into calcium clays. 

The fact that the replaceable bases of the oil-field clays appear 
to differ materially from those of soils recently submerged by sea 
water, prompted the authors to investigate this question. Two differ- 


Mg K Na 

49 8 19 
26.0 5-5 20.6 
II.9 2.5 
20.1 2.4 
j 23-4 2.5 


BASE EXCHANGE IN RELATION TO COMPOSITION 363 


ent experiments were made. (a) A soil, the clay constituents of which 
have been under investigation in our laboratories for some time, was 
shaken with sea water obtained from the Pacific Ocean near Hunt- 
ington Beach, California. The soil sample was then thrown on a filter 
and leached with fresh quantities of sea water until its clay constit- 
uents practically ceased to react with the sea water. The replaceable 
bases than held by the sample were determined. (5) A similar experi- 
ment was made with a sample of bentonitic clay from Otay, Cali- 
fornia. According to Ross and Shannon (7), this material is composed 
primarily of montmorillonite. It is exceedingly reactive from a base- 
exchange standpoint. Before beginning the experiment, the bentonitic 
clay was converted into calcium clay by prolonged leaching with a 
solution of calcium chloride. The sample was first shaken with a con- 
siderable volume of sea water and then was leached with sea water 
for several days, after which the replaceable bases of the sample were 
determined. The results are shown in Table III. 


TABLE III 
EFFECT OF SEA WATER ON SOIL AND CLAY 
Soil 
Milli-equivalents per 100 grams Percentage of Total 


Ca Mg K Na Ca ~ Mg 
Beforetreatment 21.70 6.00 1.36 1.22 71.7. 19.8 
After treatment 6.05 11.04 1.98 10.72 20.3 37-1 


Bentonitic Clay 
Before treatment 106.0 ° ° ° 100.0 ° 
Aftertreatment 10.85 48.35 6.90 39.13 10.3 45-9 


It will be noted that both the soil and the bentonitic clay were 
affected by sea water similarly. However, one important difference 
will be noted. The bentonitic clay was much more completely altered 
by the sea water than the soil. The samples, after treatment, were 
found to contain replaceable calcium and sodium in ratios similar to 
those found by Taylor in some of his oil-field shales. It will also be 
noted that the replaceable potassium of both the soil and the ben- 
tonitic clay was increased somewhat by treatment with sea water. 
Finally, both samples were found to contain greater amounts of .re- 
placeable magnesium than of replaceable sodium after the treatment 
with sea water. Our results with soil suggest that the material which 
Hissink studied had reached approximate equilibrium with sea water. 

After these experiments had been completed, several samples of 
Oklahoma oil-field shales were kindly sent to us by L. C. Case, of 
Tulsa, Oklahoma. These have been treated with sea water in the same 
way as were the samples of soil and bentonite. After the treatment 


Vin 
K Na 
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6.7 35-9 
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the average content of replaceable bases, expressed as milli-equiva- 
lents per 100 grams, was found to be as follows: Ca, 2.69; Mg, 6.24; 
and Na, 5.74. Expressing these data as percentage of the total re- 
placeable bases, we find Ca=18, Mg=43, Na=39. Thus it is shown 
that the oil-field shales were affected by treatment with ocean water 
very much as the soil sample previously discussed. It is especially 
interesting to note that the oil-field samples made substantial gains 
in replaceable magnesium and lost a considerable part of their re- 
placeable sodium by treatment with sea water. 

In view of the results of Hissink (3) and Page and Williams (6), 
on the one hand, and the laboratory experiments reported herein, on 
the other, it seems safe to say that the ratio of replaceable magnesium 
to replaceable sodium in a natural deposit, is a more critical indica- 
tion of previous contact with sea water than is the absolute content of 
sodium clay. 

Although the composition of sea water varies somewhat from 
place to place, calculations, based on the average analyses as given 
by Clarke (2), show that the molecular ratios of the dissolved cations 
of sea water, arranged in ascending order, are as follows: K, 1.0; 
Ca, 2.5; Mg, 11.5; Na, 49.5. This means that sea water contains ap- 
proximately 4.3 equivalents of sodium to 1 equivalent of magnesium. 
Neverthless, its action on the experimental samples was found to re- 
sult in the formation of somewhat more replaceable magnesium than 
replaceable sodium. The explanation is that magnesium has a much 
greater power of replacement than sodium. 

If it is true, as the results of Taylor and Case strongly indicate, 
that oil-field clays contain relatively much replaceable sodium, and 
insignificant amounts of replaceable magnesium, it would seem rea- 
sonable to assume that these clays have come into contact with salines 
quite different in composition from that of ocean water. This, of 
course, does not necessarily cast doubt on the marine origin of oil 
deposits. It merely suggests that the oil-field clays have been acted 
upon by other salines subsequent to the period of marine submer- 
gence. There is still other evidence that this may be true. For ex- 
ample, the composition of many oil-field brines has been found to 
differ greatly from that of ocean water. The ratio of sodium to mag- 
nesium, in oil-field brines, appears to be much greater than that in 
ocean water, Moreover, the ratio of calcium to magnesium is also differ- 
ent. In general it has been found that oil-field brines contain consid- 
erably more calcium than magnesium; whereas the ratio of calcium 
to magnesium in sea water, expressed as chemical equivalents, is ap- 
proximately 1: 4.6. 
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These differences may be due, in part at least, to the fact that 
the sodium and magnesium of sea water, upon reacting with the clays 
of oil fields, have replaced more or less calcium. Consequently the 
solutions have gained calcium and lost magnesium. However, the 
practical absence of replaceable magnesium in the oil-field clays in- 
dicates that some other factor has been involved. 

It is possible that the oil-field clays have undergone alteration 
through metamorphism or crystallization subsequent to deposition, 
with the consequent conversion of replaceable magnesium into non- 
replaceable forms, either micro-crystalline magnesium clay or some 
other magnesian mineral. In this connection it should be pointed out 
that the bentonitic clay, used in our experiments, contains approxi- 
mately 7 per cent MgO, but that only a smail percentage of this is 
replaceable. The nonreplaceability of this magnesium seems to be due 
to compact packing of the atoms in the minute montmorillonite crys- 
tals, of which this bentonite is composed, rather than to the nature 
of the chemical bond between magnesium and the alumino-silicate 
anion. This is indicated by the fact that the replaceability of the mag- 
nesium is markedly increased by breaking the small crystals into still 
smaller units by grinding (4). 

Various explanations have been offered by geologists to account 
for the composition of oil-field brines, but the writers do not care to 
speculate on this question; neither do they feel competent to discuss 
the interesting hypothesis of Taylor as to the réle of sodium clay in 
oil deposits. It should be pointed out, however, that the absence of 
magnesium clay in the oil-field shales, and their relatively high con- 
tent of sodium clay, can hardly be explained by the action of fresh 
waters subsequent to the period of deposition. If a marine clay should 
be subjected to the leaching action of waters of meteoric origin, its 
replaceable sodium would probably be diminished to a much greater 
extent than its replaceable magnesium, owing to the fact that sodium 
is more easily replaced than magnesium. Consequently, the sodium 
clay formed by the action of sea water would tend to be converted 
more rapidly than magnesium clay into some other form, presumably 
calcium clay. 

As pointed out already, Salgado’s results strongly support this 
view. Case’s results on “‘outcrop samples” of the formation overlying 
the oil deposits point to the same conclusion. He found that, although 
the oil-field shales contain relatively much sodium clay, the outcrop 
samples are composed chiefly of calcium clay. The presumption is 
that, when first laid down in sea: water, both were essentially alike 
and were similar in composition to the artificially prepared samples 


% 


366 W. P. KELLEY AND G. F. LIEBIG, JR. 


discussed above, but that meteoric waters, having acted on the out- 
crop samples for a prolonged period, have brought about the replace- 
ment of magnesium and sodium by calcium. If this view is sound, it 
follows, as Case pointed out, either that the materials overlying the oil 
must have been covered by other sediments without the intervention 
of a long period of leaching with fresh water, or that sodium salines 
have later acted on the deposits. If the oil-field shales have been acted 
upon by salines similar to the brines that are now associated with oil 
deposits, the effect would probably be for sodium to replace more or 
less of the magnesium that was acquired during submergence with 
ocean water and thus to produce clays high in sodium and relatively 
low in magnesium. 

Finally, it seems appropriate to point out that the alkalinity of 
the oil-field shales and clays, which both Taylor and Case found and 
to which Taylor attaches special significance, is not necessarily due 
to sodium clay, nor is it necessarily an indication that these deposits 
have undergone leaching with fresh water. It is true, sodium clays 
are more or less alkaline owing to their hydrolytic tendency, and, if 
leached moderately with water, the soluble product of hydrolysis 
(NaOH) would probably be absorbed to some extent by the colloidal 
constituents, thus tending to raise the pH of the mass. However, it 
must be remembered that sea water is itself alkaline (pH 7.5 to 8.2), 
and any sediment, upon being laid down in sea water, would neces- 
sarily be made alkaline irrespective of base exchange. Moreover, cal- 
cium carbonate is a common constituent of marine sediments. Thus 
it follows that the alkalinity of oil-field shales can not be safely at- 
tributed solely to their content of sodium clay. It is more probable 
that sodium clay, alkalinity of sea water, and calcium carbonate have 
all contributed to the end result, and it is not possible to evaluate the 
contribution which any one of these factors has made. 
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GEOLOGICAL NOTES 


SECTION OF PALEOZOIC AND MESOZOIC ROCKS 
MEASURED AT CINNABAR MOUNTAIN, PARK COUNTY, 
MONTANA, AND AT MOUNT EVERTS, YELLOW- 
STONE NATIONAL PARK, WYOMING 


Feet 
Quaternary 
Alluvium 
Glacial deposits 
Travertine 
Basalt 
Tertiary 
Volcanic breccias, flows, and agglomerates 
Tertiary (?) 
Eocene (?) 
Reese formation 
Chiefly light colored, but locally greenish, sandstone and con- 
glomerate composed of volcanic ash and rounded grains 
and pebbles of volcanic material 
Cretaceous 
Upper Cretaceous 
Montana group 
Judith River formation (measured 2 miles northwest of Gardiner) 
Top of formation not exposed 
Medium-grained, light gray sandstone; speckled, hard; thin 
zones weather greenish 
Concealed 
Lense of conglomerate filling stream channel. Pebbles and 
boulders of volcanic material and chert 
Interbedded black-to-dark and olive-green shale; greenish 
gray mudstones; and brown, medium-grained sandstones 
that contain clay blebs 
Medium-to-coarse-grained, light gray sandstone 
Alternating black-to-dark and olive-green shale and brown 
sandstone 
Brown, medium-grained sandstones containing clay blebs 
Black and dark green shale 
Thinly bedded, medium-to-coa~se-grained, light buff sand- 
stone 
Dark greer and olive-green shale, black and brown carbona- 
ceous shale and coal, and several layers of thin sandstone 
that contain plant material. In lower part of this unit is a 
lense, 300 feet long and 25 feet thick, of conglomerate filling 
a stream channel. Conglomerate is composed of rounded 
pebbles and boulders up to 10 inches in diameter and con- 
sisting of numerous types of volcanic rocks. Matrix is 
coarse volcanic sand. Lense weathers dark brown 102 
Brown carbonaceous shale 3 
Olive-green shale 18 
Dark gray quartzite I 
Black-to-dark green and olive shale with bentonite 54 
Alternating dark shale and rusty brown sandstone 32 


P — R. Calvert, “The Electric Coal Field, Park County, Montana,” U.S. Geol. Survey Bull. 471 
1912), P. 4116 
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Massively bedded but thinly laminated, cross-bedded, me- 
dium-to-coarse-grained sandstone. Light gray when fresh 
and weathers light and dark buff 

Conglomerate composed of rounded chert pebbles in matrix 
of coarse sandstone. Weathers dark brown 
Brown carbonaceous shale 

Concealed 

White bentonite 

Green bentonite 

Dark green, brown, and black shale 

Interbedded dark olive, sandy shale and coarse-grained sand- 
stone 

Coarse-grained sandstone containing pebbles of chert and 
quartzite. Weathers dark brown 

Dark and light olive shale 

Thinly laminated, cross-bedded, medium-grained light gray 
sandstone 

Olive shale, locally sandy 

Brown carbonaceous shale 

Dark and light olive shale 

Thinly laminated, cross-bedded, medium-grained sandstone. 
Light gray and buff when fresh but weathers dark brown 
and locally greenish brown 

Concealed 

Soft, medium-to-coarse-grained sandstone. Light gray when 
fresh and weathers buff 

Sandy shale and green sandstone 

Sandstone 

Brown carbonaceous shale 

Thinly laminated, cross-bedded, medium-grained sandstone. 
Light gray when fresh but weathers dark greenish brown 


Claggett shale (measured on Mount Everts) 
Parkman sandstone member 

Massively bedded, medium-grained sandstone. Locally cross- 
bedded. Light gray. Contains a few layers of shale. Where 
massive, the sandstone weathers into rounded forms 

Dark gray shale and several sandy layers 

Sandstone ~ 

Dark shale. Lower 5 feet is brown carbonaceous shale 

Massively bedded, medium-grained, cross-bedded, light gray 
sandstone that weathers into rounded forms 


Interbedded dark gray shale or mudstone, here and there a 
greenish layer, calcareous mudstones, dark gray sandstones 
that weather greenish brown, and light gray sandstones that 
weather light buff. In this unit of the formation sandstones 
greatly predominate, being both thinly bedded and in places 


massive 

Lithology of shales and sandstones same as above, but increase 
in the percentage of shales 

Light gray sandstone, with a few shale zones 

Shales and sandstones as above. This unit composed of about 
25% sandstone and 75% shale 
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225 
257 
36 
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Eagle sandstone (measured in Electric coal field) 

Sandstone that has variable thickness. Where thin (10 feet) it 
is fine-grained, hard, gray sandstone that weathers dark 
brown. Where thick (40 feet) it is medium-grained, gray sand- 
stone that weathers light buff 

Brown carbonaceous shale, coal, and gray mudstone 

Sandstone 

Gray sandy shale 

Coal 

Brown carbonaceous shale, coal, and gray mudstone 

Massively bedded but thinly laminated, irregularly cross-bed- 
ded, medium-grained, light gray-to-brown sandstone that 
weathers buff. Top few feet dark brown 

Thinly laminated sandstone, bedding varying from “paper 
sandstone” up to 7 inches. Weathers buff and brown 

Interbedded gray, locally sandy, shale; brown carbonaceous 
shale that weathers rusty brown; and coal 

Thinly laminated, ripple-marked, light gray sandstone that 
weathers light and dark buff 

Brown carbonaceous shale with coal streaks 

Thinly laminated, light gray sandstone that weathers buff 

Gray shale and brown carbonaceous shale with coal streaks 

Thinly bedded, cross-bedded, medium-grained grayish brown 
sandstone and sandy shale 

Dark gray shale and brown carbonaceous shale 

Brown carbonaceous shale and coal 

Massively bedded; upper 16 feet irregularly cross-bedded; me- 
dium-grained; light gray sandstone that weathers light buff. 
Bipartite sandstone with parting of sandy shale. Upper 5 feet 
weathers dark brown. (Virgelle sandstone member) 


Telegraph Creek formation (measured in Electric coal field) 

= bedded, gray sandstone with interbedded blue sandy 
shale 

Massive, irregularly bedded, medium-grained, gray sandstone 

Bluish gray, sandy shale 

Massive, irregularly bedded, medium-grained, gray sandstone 

Blue sandy mudstone interbedded with thinly laminated, mi- 
nutely cross-bedded, gray sandstone 

Gray and blue sandy shale with a few thin layers of thinly 
laminated, gray sandstone 

Thinly bedded (varying from o.5 to 6 inches), gray sandstone 
that weathers buff. Contains a few layers of gray-to-blue 
sandy shale 


Colorado group 
Niobrara and Carlile shales (measured on Cinnabar Mountain) 
Black shale, locally sandy, that contains numerous layers of 
sideritic concretions 
Frontier formation (measured on Cinnabar Mountain) 
Cross-bedded, medium-grained, light gray, speckled sandstone 
that weathers brown 
Thinly bedded, black, sandy shale 
Massive, black, fine-grained sandstone 
Black, thinly bedded sandstone 
Black, sandy shale. Bentonite 
Medium-grained, light gray quartzite including black streaks 
Black, sandy shale 
Medium-grained, light gray quartzite containing black streaks 
Black sandy shale. Bentonite. Fish scales 
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Bentonite 
Black, fine-grained sandstone 
Coarsely crystalline limestone 


Mowry shale (measured on Cinnabar Mountain) 

Interbedded light gray, dark gray, and black sandy shale and 
thinly bedded fine-grained sandstone. Very hard. Some shale 
weathers light gray. Fish scales 

Medium-grained, gray quartzite. Bedding averages about 8 
inches. Speckled with black specks 

Dark gray and black, fine-grained sandy shale. Fish scales 


Thermopolis shale (measured on Cinnabar Mountain) 

Black-to-dark gray, sandy shale. Sandy portions weather dark 
brown. Plant material present. Hard 

Light-to-dark gray sandstone: lower part thinly bedded and ex- 
tensively cross-bedded; upper part very massive and irregu- 
lar, having no apparent bedding 

Gray, sandy shale and thinly laminated sandstone 

Dark gray, sandy shale 

Light-to-dark gray sandstone, lower part thinly bedded and ex- 
tensively cross-bedded and upper part massive and irregu- 
lar, having no apparent beddin; 

Gray, sandy shale and thinly laminated sandstone 

Black and dark gray, sandy shale; locally fissile; where very 
sandy it weathers dark brown. Plant material abundant. Iron 
concretions present 


Lower Cretaceous 
Cloverly formation (measured on Cinnabar Mountain) 
Greybull sandstone member 
Massive, cross-bedded, medium-grained, light-to-dark gray 
sandstone, speckled with brown, black, et cetera, colored 
grains 
Green mudstone 
Dark gray, fine-grained limestone that weathers light tan 
Concealed, probably shale 
Medium-to-coarse-grained, light brown sandstone, lower part of 
which contains rounded pebbles of underlying limestone 
Dark gray shale 
Fine-grained, gray limestone that weathers dark brown 
Concealed, probably shale 
Sill (2.5 feet) 
Maroon, green, gray, and red shale with nodules of fine-grained, 
red and gray limestone that weather buff 
Fine-grained, gray sandstone 
Maroon, green, and gray shale with rounded calcareous nodules 
Fine-grained, olive-green-to-greenish brown, irregularly bedded 
limestone 
Olive gray, sandy shale 
Pryor conglomerate member 
Massive conglomerate, cross-bedded. Matrix of gray sand- 
stone and rounded pebbles of black chert 
Concealed, probably sandy shale or thinly bedded sandstone 
Medium-grained, massive sandstone 
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Jurassic (?) 
Upper Jurassic (?) 
Morrison (?) formation (measured on Cinnabar Mountain) 

Green, gray, and dark brown shale 

Arenaceous limestone 

Light gray sandstone interbedded with gray shale 

Fine-to-medium-grained, light gray-to-white sandstone: lower 
part thinly laminated and upper part minutely cross-bedded 

Red, maroon, and grayish green shale with a few gray and red 
sandstones. Bottom contains sulphide nodules 

Sill (4 feet) 

Grayish green shale 

Maroon and red shale interbedded with thin red and gray, 
cross-bedded sandstones 

Minutely cross-bedded, fine-grained, gray sandstone 

Red shale 

Gray shale 

Minutely cross-bedded sandstone 


Upper Jurassic 
Ellis formation (measured on Cinnabar Mountain) 

Interbedded coarse-to-medium-grained, arenaceous limestone 
that contains numerous marine fossils and thinly bedded, ir- 
regular, medium-grained, gray sandstone 

Olive, green, and gray shale with a few sandy layers 

Sill (27 feet) 

Light gray, dark gray, and biack shale, locally calcareous. Ma- 
rine fossils. Top 5 feet badly crushec and contains specks of 
sulphides 

Sill (7 feet) 

Concealed, but probably gray shale 

Massive, cross-bedded, fine-to-medium-grained sandstone. Rip- 

le marks abundant near top. Lower part dark gray-to-black 
use of concentration of biack grains. Upper part light-to- 
dark gray, speckled 


Triassic 
a formation (measured in Devil’s Slide, Cinnabar Moun- 
tain 
Yellowish brown sandstone and gray-to-brown shale with 


gypsum 

= brown sandy shale with gypsum beds as thick as 3 
inches 

Red, sandy shale and thin sandstones 

Gray, sandy shale with beds of gypsum as thick as 1 foot 

Medium-grained, yellow sandstone 


Permian 
Phosphoria formation (measured on Cinnabar Mountain) 

Brown and black, phosphatic sandstone 

Thinly bedded (0.25—4 inches), light gray limestone 

Black phosphatic sandstone 

Drab shale 

Dark gray, finely siliceous limestone that weathers light brown 

Siliceous, gray limestone that weathers dark brown 

Gray limestone with thin bands of phosphate. Weathers brown. 
Bedding varies from 4 inches to 1 foot 

Light gray limestone, slightly siliceous 
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Thinly bedded, dark gray-to-black limestone. Contains small 
gastropods 

Unit composed chiefly of rounded tubes, o.s—4 inches in di- 
ameter, of black quartzite, which are arranged normal to bed- 
ding. Matrix between tubes is black, phosphatic sand 

Continuation of above unit excepting fewer tubes 

Black phosphate 

Basal conglomerate with rounded pebbles of black chert 


Pennsylvanian 
Tensleep sandstone (measured on Cinnabar Mountain) 

Massive; cross-bedded; medium-grained, but locally fine- 
grained; white-to-buff sandstone that may be locally yellow, 
red, or brown 130 

Pennsylvanian ’and Mississippian 
Amsden formation (measured on Cinnabar Mountain) 

Massive, very fine-grained, light gray quartzite 

Fine-grained, white-to-gray limestone 

Green and yellow shale 

Fine-grained, white-to-gray limestone. Beds vary from 8 inches 
to 4 feet in thickness 

Yellow, greenish gray, and red shale 

Concealed. Non-resistant 

ao medium-grained sandstone with thin zones of purple 
shale 

Massive, white-to-buff, medium-grained sandstone 

Dark purple and red, sandy shale; fine-grained, bright red 
sandstone; and fine-grained limestone 

Basal unit of Amsden is irregular, medium-grained, light buff 
sandstone locally pink and light red. Lower part of this sand- 
stone contains broken fragments of underlying Madison. It 
represents deposition upon very rough, erosional surface cut 
into top of Madison 


Mississippian 
Lower Mississippian 
Madison limestone (measured on Cinnabar Mountain) 

Massively bedded, light gray and in places dark gray limestone 
that weathers light gray and dove. Upper part arenaceous. 
Top of formation actually porous sandstone, result of leaching 
out of calcareous cement during erosional interval preceding 
deposition of Amsden. Chert lenses common, being dark gray 
and black 

Lower part of formation more thinly bedded 

Devonian 
Upper Devonian 
Three Forks shale (measured on Cinnabar Mountain) 

Gray, earthy, sandy shale; and gray arenaceous limestone 

Gray, arenaceous limestone that weathers yellowish brown 

Alternating gray, arenaceous limestone that weathers yellowish 
brown and gray shale that weathers yellowish brown 

Massive, black limestone 

Gray, argillaceous limestone that weathers yellowish red and 
brown interbedded with gray, earthy, sandy shale 

Brown, sandy shale with several thin calcareous zones 

Black limestone 

Brown, sandy shale 

Black limestone that grades into shale above and below 

Light brown, sandy shale 
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Uniformly and thinly (average 4 inches) bedded black lime- 
stone cut by many calcite veins 
Earthy, brown, sandy shale 


Middle Devonian 
Jefferson limestone (measured on Cinnabar Mountain) 
Uniformly bedded, black limestone, cut by calcite veins. Bed- 
ding more massive than in lower unit 
Uniformly bedded, thinly bedded (3 inches-2 feet), dark gray- 
to-black limestone that weathers dark chocolate brown 


Ordovician (?) 
Upper Ordovician (?) 
Bighorn dolomite (?) (measured on Cinnabar Mountain) 

Massive, light-to-dark gray limestone that weathers into rough 
pitted surfaces. White and gray chert stringers 

Thinly bedded (0.5 inch—2 feet, but averaging 2 inches), mottled 
light and dark gray limestone. White and light gray chert 
stringers 


Base not exposed 


Cambrian 
Not exposed in its belt of outcrop on Cinnabar Mountain. Pres- 
ence of Cambrian was recognized by its position between Big- 
horn dolomite (?) and pre-Cambrian granite, and also by find- 
ing of many fragments of Flathead quartzite 
Pre-Cambrian 
Granite, granitic gneiss, and mica schist. In vicinity of Gardiner 
thrust fault dacite and andesite porphyries common 


CHARLES W. WILSON, JR. 
VANDERBILT UNIVERSITY 
NASHVILLE, TENNESSEE 
December, 1933 


DIFFICULTY OF USING CARTOGRAPHIC TERMINOLOGY 
IN HISTORICAL GEOLOGY 


A number of the anomalies to be found in the Oligocene ‘‘series”’ 
in California have recently been summarized by R. D. Reed.' Anoma- 
lous situations, similarly due in large part to the vagueness of the 
stratigraphic “boundaries” involved in the particular problem, are 
numerous and of long standing; it is only necessary to cite a few, such 
as the disputed Danian age of the Midway group of the Gulf Coast, 
the question of the age of the Lance and Fort Union formations of the 
interior, and the epoch and series to which the Pontian stage of 
Europe should be referred. It might be mentioned here that a number 
of the difficulties which beset anyone who attempts to discuss such a 


1R. D. Reed, Geology of California (Amer. Assoc. Petrol. Geol., 1933), Chapter 8, 
particularly pp. 160-62. 
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unit as the Oligocene® are perhaps due to the incomparable nature of 
the entities the comparison of which, through following precedent, is 
usually thus attempted. For instance, the Oligocene is usually dis- 
cussed in comparison with the Eocene, Miocene, and Pliocene, all 
being treated as epochs. This is analogous to a discussion of the Tri- 
assic and the Hercynian in similar terms. The process is seemingly a 
natural outgrowth of the temporary necessity for discussing historical 
geology in terms of the units most naturally suited to cartographic 
geology. Unfortunately these units prove to be, as often as not, en- 
tirely unsuitable for usage in attempting to trace chronological se- 
quences of geological events throughout any considerable area. 
Studies carried on to date in the foraminifer faunas of California 
yield evidence pointing strongly toward a natural three- or seven-fold 
classification of the Cenozoic, rather than a two-, five-, or six-fold 
one, each of which is in use by various workers at the present time; 
that is, three epochs of major marine transgression over the epicon- 
tinental areas have apparently occurred in the California province 
since the last similar epoch of the Mesozoic. These three epochs of 
marine transgression presumably represent the three original Ceno- 
zoic epochs of Lyell, the Eocene, Miocene, and Pliocene, or at least 
have been generally considered as such. These three entities, although 
not of identical nature or magnitude, are in the main similar, and are 
comparable. In an analogous manner, so are the four geologic time 
intervals of major regression which separated these epochs of trans- 
gression,—namely, the Paleocene, the Oligocene, the Miocene-Plio- 
cene transition (as represented in California by the Pancho Rico 
beds, for instance), and the Pleistocene,—comparable with each 
other.** Yet, although a seven-fold time classification may be prefer- 
able to a three-fold one from the standpoint of the greater degree of 
refinement and accuracy thus to be obtained, the attempts to use 
such a more refined classification, based as it is upon a double rather 
than a single standard of geologic criteria, seems to have led to con- 
siderable confusion, at least when the double standard upon which 
such a classification is based has not constantly been borne in mind. 
The actual distinction between the two types of geologic standards 
is, of course, not as clear-cut as it might appear to be on paper. It is 


2 See also Jas. B. Dorr, in Jour. Paleon., Vol. 7, No. 4 (1933), pp. 432-38. Dorr 
believes that certain foraminifer faunas from Mexico (those from the Alazan shale) 
and northern South America, classifed as Miocene by Cushman, are of Lower Oligo- 
cene age, because they are to be correlated with the Vicksburg group of southern United 
States. These same faunas from Latin America may be correlated with those of the 
Vaqueros and Temblor formations of California, considered to be of Lower Miocene 
age. The dispute appears to be nomenclatural, not stratigraphic. 


™* See Note at end of this article. 


376 GEOLOGICAL NOTES 


complicated by the often observed fact that in certain areas, generally 
though not in all cases those of relatively continuous deposition 
throughout the Cenozoic, there is evidence of a transgression appar- 
ently not referable to one of the three major transgressions previously 
mentioned, and one which in fact occurred at approximately the time 
of what is in general a widespread regression of the seas. Yet the time 
interval represented by such a lesser oscillation of the strand line is 
hardly to be compared with an epoch, any more than are the lesser 
but still well defined regressions which occur within the epochs of 
major transgression to be compared with the greater regressions which 
apparently took place between the epochs proper. Such smaller 
periods of transgression, and the rocks which they represent, are 
more readily comparable, respectively, to the ‘‘ages’”’ and “stages” 
first defined and used by Munier-Chalmas and de Lapparent* which 
in turn may be subdivided into smaller stratigraphic units, the 
*‘zones” of Oppel,‘ and, in local basins, into still smaller units to 
which Fenton’s® term of ‘‘zonule” may be applied. 

The Oligocene, as represented in the California province by the 
Bassendorf and Lincoln formations and their correlatives,* appears to 
represent a stage, and its time equivalent an age, rather than an 
epoch. Other units in California often referred to the Oligocene, the 
inclusion of which would increase its magnitude to that of a sub- 
epoch, perhaps, are as readily, if not more readily, referable to either 
upper Eocene or lower Miocene horizons. Whereas one stage is thus 
represented by the Oligocene, there are six such stages in the strati- 
graphic sequence referred to the Miocene series in California, which 
have been described as the Zemorrian, Saucesian, Relizian, Luisian, 
Mohnian, and Delmontian, from bottom to top, respectively. 


3 Bull. Soc. Geol. France, 3 ser., t. 21 (1893), p. 439. 


4 See C. Diener, Grundzuge zur Biostratigraphie (1925), pp. 215-41, for a review 
and discussion of the usage and significance of the term “zone” in stratigraphy. 


5C. L. Fenton and A. F. Fenton, ‘“Ecologic Interpretation of Some Biostrati- 
graphic Terms,” Amer. Midland Naturalist, Vol. 11, No. 1 (January, 1928), pp. 20-22. 


® For foraminiferal faunas of “Lincoln age,” see: 

Don L. Frizzell and Richard Blackwelder, “Preliminary Analysis of the Type 
Lincoln Fauna (Oligocene) of Washington,” Micropal. Bull., Vol. 4, No. 2 (1933), pp. 
53-63. 

Wm. W. Valentine, ‘Notes on Foraminifera from the Type Locality of the San 
Lorenzo Formation,” ibid., Vol. 1, No. 8 (1928), pp. 1-2. 

For foraminiferal faunas of ‘‘Bassendorf age’’ see: 

J. A. Cushman and Hubert G. Schenck, “Two Foraminiferal Faunules from the 
Oregon Tertiary,” Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 17, No. 9 (1928), 
PP. 305-24. 

D. Dale Condit, “Age of the Kreyenhagen Shale in the Cantua Creek-Panoche 
Creek District, California,” Jour. Paleon., Vol. 4, No. 3 (1930), pp. 259, 262. 
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These stages have been described and named in a paper,’ now in 
press, a summary of the designations being roughly as follows. The 
type locality for the Zemorrian stage is Zemorra Creek, a branch of 
Chico Martinez Creek, Kern County. The stage includes rocks carry- 
ing the faunal equivalents of Hobson’s “‘transitional San Lorenzo- 
Vaqueros fauna” of the Santa Cruz Mountains,* Barbat and von 
Estorff’s ‘“Vaqueros fauna,’’”® Cushman and Laiming’s ‘““Lower mem- 
ber,’’!° and the “Vaqueros” or ‘“‘Turritella inezana’’ horizons of Loel 
and Corey." Los Sauces Creek, Ventura County, is the type locality 
for the Saucesian stage; included in this stage are the correlatives of 
the ‘‘Middle”’ and ‘‘Upper members” of Cushman-and Laiming, the 
““Buliminella zone’? of Snedden,” and the “Barker’s Ranch,” or 
“Temblor B. zone” horizon of F. M. Anderson." The type locality of 
the Relizian stage is Reliz Canyon, Monterey County; it embraces 
correlatives of Barbat’s Gould shale and Bagg’s ‘‘Henry Ranch” 
fauna,” and certain slightly older horizons referred to generally as 
the “‘Siphogenerina hughesi zone,’’ and the “‘button bed,”!’ that is, 
the interval between the base of the “Siphogenerina hughesi zone” 
and the top of the “‘Globigerina transition.’’'* The Luisian stage com- 
prises the equivalents of the so-called “‘Valvulineria californica zone,” 
restricted sense;!® the type locality is taken on the Highland homo- 
cline about 4.5 miles west of Indian Creek, San Luis Obispo County. 
The Mohnian stage includes equivalents of Rankin’s ‘‘Lower Modelo” 
of the Santa Monica Mountains,” Galliher’s ““Lower Nonion” zone of 
Monterey County,”! somewhat older horizons generally referred to as 

7 “Miocene Foraminifera from Reliz Canyon, Monterey County, California,” 
Geol. Soc. America (in press). 

8 Micropal. Bull., Vol. 3, No. 2 (1932), pp. 30-40. 

° Jour. Paleon., Vol.7, No. 2 (1933), pp. 164-74. 

10 Jour. Paleon., Vol. 5 (1931), pp. 79-120. 

" Univ. California Pub., Bull. Dept. Geol. Sci., Vol. 22, No. 3 (1932), pp. 31-410. 

” Micropal. Bull., Vol. 3, No. 2 (1932), pp. 41-46. 

8 Proc. California Acad. Sci., 4th ser., Vol. 3 (1911), pp. 73-148. 

4 Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932), pp. 611-12. 

® U.S. Geol. Survey Bull. 268 (1905), pp. 1-77. 


6 Snedden, op. cit. 
R. M. Kleinpell, Micropal. Bull., Vol. 2 (1930), p. 28. 


U.S. Geol. Survey Bull. 406 (1910).. 

18 Kleinpell, op. cit. 

19 See R. D. Reed, op. cit., pp. 163, 174, 189, 210, 215, and 217. 
2° U.S. Geol. Survey Prof. Paper 165-C (1931), pp. 113-14. 

*t Micropal. Bull., Vol. 2, No. 4 (1931), pp. 71-74. 


378 GEOLOGICAL NOTES 


the “Baggina californica zone,” and the ‘“‘Bulimina uvigerinaformis 
zone,’’ which are well developed on the coastal bluffs 15 miles west 
of Santa Barbara, and the Tice, Rodeo, and Hercules shales and the 
Briones formation of Contra Costa County.” The type locality of the 
Delmontian stage is taken at the head of Canyon Segundo, south of 
Dei Monte, Monterey County; the stage includes correlatives of 
Galliher’s ‘‘Middle Nonion” and “Upper Nonion” zones, Rankin’s 
“Upper Modelo,”’ the Cierbo and Neroly (or San Pablo group, re- 
stricted) formations,* and the Pancho Rico formation™ underlying 
the correlative of the Jacalitos formation.* 

It is believed that biostratigraphic classification such as the fore- 
going will bring out more clearly the natural chronological relation- 
ships of the various stratigraphic units of the Cenozoic in California 
than does a classification in which only the formational names now 
in use are employed, indispensable as the latter more essentially 
petrostratigraphic units may be in cartographic work.” The faunal 
changes to be observed in the geologic column, typically in sections 
where a considerable and continuous sequence of fossiliferous marine 
strata are to be found,?’ taken together with the structural phenom- 
ena, lithologic characters, and the relative geographic distribution 
of the rocks with which these factors are associated, appear to offer a 
sounder basis for the natural criteria, or standards, upon which the 
geologic time scale is built, than does simply the sequence of the 
essentially petrostratigraphic groups, formations, and members used 
in cartographic geology, even though a sequence of the latter may 
locally be entirely marine, unbroken, and partly fossiliferous. 

The matter of whether a three-fold classification with a single 
standard is to be preferred to a seven-fold classification with a double 
standard in this particular case, is beyond the scope of the present 
note. Perhaps from the standpoint of a paleobotanist or a mammalian 
paleontologist, the latter would prove the most convenient. However, 


2 U.S. Geol. Survey Atlas, “San Francisco Folio.” 

23 See B. L. Clark, “Stratigraphy and Faunal Horizons of the Coast Ranges of 
California,” privately printed, Berkeley, 1929. 

* R. D. Reed, Jour. Geol., Vol. 33 (1925). 

% U.S. Geol. Survey Bull. 691 (1918). 


26 See “Classification and Nomenclature of Rock Units,” Bull. Geol. Soc. America, 
Vol. 44 (1933), PP- 423-59. 


27 See A. W. Grabau, Principles of Stratigraphy, pp. 1100-02. The classification 
summarized above has been based primarily upon a composite of twelve chosen sec- 
tions, each such as recommended by Grabau for a stratigraphic framework, or type, 
each continuously fossiliferous, and each more or less overlapping another in age, the 
oldest carrying Upper Eocene fossils at the base and the youngest a Lower Pliocene 
fauna at the top. 
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with a natural stratigraphic classification in mind, together with either 
of the above types of time classifications, both of which may be con- 
sidered natural,—and the accompanying avoidance of the use of the 
terms “epoch” and “‘series” for such different types of units as are 
represented by the Paleocene and Oligocene on the one hand, as 
opposed to the Miocene on the other,—it is believed that a number of 
the stratigraphic ‘‘boundary”’ problems which so complicate and 
confuse the geologic history of the province will automatically tend 
to be clarified, and the paleogeographic and historic features depend- 
ant upon the involved horizons as datum planes may be brought into 


sharper relief. ‘ 
R. M. KLEINPELL 
STANFORD UNIVERSITY, CALIFORNIA 

January 15, 1934 


Note received too late to print as footnote 2a (p. 375). 

Present knowledge concerning the details of orogeny associated with periods of 
emergence necessitates that this grouping of major regressions be, of course, very 
generalized. It should be noted in passing that the Pleistocene, as here referred to, is 
probably of much greater magnitude than the other units mentioned as similar, and 
is perhaps to be compared with such “revolutions” as the Killarney and Hercynian, 
or the Caledonian and Nevadian. The Paleocene may be of lesser magnitude, like such 
“disturbances” as the Palisades, Acadian, and Green Mountains The two other major 
periods of regression mentioned are probably even smaller. 
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REVIEWS AND NEW PUBLICATIONS 


Report on Aerial Survey Operations in Australia During 1932. By W. G. 
WooLnovucu. Commonwealth of Australia (Canberra, 1933). 78 pp., 3 
pls., 1 map. 


When Doctor Woolnough, geological adviser to the Commonwealth Gov- 
ernment, was in the United States in 1930 on an inspection tour of oil fields, 
he was greatly impressed with the use of airplane observations and photo- 
graphs in geological surveying. On his return to Australia he arranged and 
carried out, with the collaboration of the Royal Australian Air Force, an ex- 
tensive program of flights, some of the results of which are described in the 
report under review. Photographic surveys were carried out in most of the 
areas that are considered favorable for oil prospecting. The flights constitute 
a virtual circumnavigation of the continent, and as Doctor Woolnough ac- 
companied these expeditions, he had an unusual opportunity to become fa- 
miliar with the often subtle details of aerial observations and interpretations 
of photographs. Geologists who make occasional flights may be interested to 
know that he “scarcely began to appreciate the significance of such details 
until he had completed at least 100 hours of flying.” Particular attention was 
devoted to areas where detailed ground geological surveying had been com- 
pleted or was being carried on, and to areas where test wells had been bored, 
as the result of skilled geological advice or from the use of divining rods. In 
some of these areas it was amply demonstrated, as was to be expected from 
experience elsewhere, that observations and photographs from the air reveal 
significant geological features that escape, or even defy, ground observations. 
For example, in the Fitzroy River area—in the Permo-Carboniferous rocks 
of the Kimberly division of western Australia—the aerial methods confirm 
the ground mapping in the hilly country, but in the lowlands they plainly 
show folds that were not suspected during the ground surveying. 

The report includes computations for determining the orientation of 
photographs independently of compass bearings and for determining the 
height of objects from the length of shadows as measured on photographs, 
and also a discussion of the origin of the bitumen found at many places on 
the south coast of Australia, regardless of the character or age of the rocks. 
It is attributed to transportation by the Antarctic Current from some distant 
source, probably Antarctic. 

It is repeatedly emphasized that aerial surveys can not take the place 
of ground mapping, but that a combination of the two will lead to effective 
and rapid work. The results of the surveys made by Doctor Woolnough doubt- 
less will be used immediately in oil prospecting, and they also constitute an 
addition to knowledge of the geology of Australia. 


W. P. Wooprinc 


UntTep StaTEs GEOLOGICAL SURVEY 
WaAsHINGTON, D. C 


January 26, 1934. 
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Gisement pétroliféres de Iraq (The Petroliferous Beds of Iraq). By C.-P. 
NicoLesco. Les Presses Modernes, 45, Rue de Maubeuge, Paris (1933). 
221 pp., 18 figs. 6.5 X10 inches. 


In his book Nicolesco considers all the problems related to the question 
of petroliferous beds in Iraq, but, as stated by the author himself, it is chiefly 
a geological study. Thus, out of the 206 pages which comprise the text of this 
work, 141 are devoted to geologic problems. The book is completed by a bib- 
liography of 150 titles, many of which are only distantly connected with the 
subject. 

As the author points out, he knows nothing of the recent prospection 
work carried out by the I.P.C. This voluminous book is based, therefore, on 
uncertain information, of which some is very old and some even inaccurate. 

Chapter I is devoted to a short historical study and to an enumeration 
of the principal seepages of petroleum and asphalt in Iraq, grouped by anti- 
clinal areas. A tectonic map of Iraq, scale roughly 1:5,000,000, notes the ap- 
proximate distribution of the principal folds of the plain of Iraq. 

Chapter II is entitled ““Geography and Geomorphology” and gives some 
information on the population and orography of the region. 

Chapter III, under the title of “Geology,” is the one which most inter- 
ests us here. A few historical pages are followed by 2 tables, showing the out- 
standing stratigraphic features. The stratigraphic description which follows 
is drawn, for the most part, from the work of H. de Béckh, G. M. Lees, F. G. 
S. Richardson! and from the older book of F. H. Pascoe.? Some of these data 
are so distorted that errors have arisen. 

In the paleontological section of the book the author quotes the chief 
species discovered, following the same stratigraphic divisions as before. Un- 
fortunately, the places in which these fossils were found are not noted, and 
the bibliographic references which relate to them are not given. 

Finally, the stratigraphic section discusses the classification of the forma- 
tions made by various authors. A stratigraphic table of the Neogene shows 
the correlation between the divisions proposed by the various authors from 
Loftus (1855) to de Béckh (1929). 

In the tectonic section the author gives, in accordance with Pascoe’s de- 
scription, a geologic sketch of the region studied by Pascoe and reproduces 
profiles which give a very incomplete idea of the tectonic structure. Moreover 
the conclusions which he draws from these data are, at the least, unexpected: 


both these two structural types—anticlines and domes—observed in Iraq possess char- 
acteristics belonging to diapir folds. 


This conception is all the more strange as analogous structures in Persia 
have been described in the publications of H. G. Busk‘ and F.G. S. Richardson’ 
1H. de Béckh, G. M. Lees, F. G. S. Richardson, “Contribution to the Stratig- 


raphy and Tectonics of the Iranian Ranges,” in J. W. Gregory, Structure of Asia 
(London, 1929). 


2 E. H. Pascoe, “Geological Notes on Mesopotamia with Special Reference to 
Occurrences of Petroleum,” Mem. Geol. Survey India, Vol. 48 (1922). 


‘H. G. Busk, Earth Flexures (Cambridge, 1929). 


5 F. G. S. Richardson, ‘““The Geology and Oil Measures of South-West Persia,” 
Jour. Inst. Petrol. Tech., Vol. 10 (1924). 
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and as G. M. Lees* has recently given an excellent summary of the peculiar 
tectonic structure of the Lower Fars in Persia. In particular, he has shown 
that:’ 

The Lower Fars lies between the Rijid Asmari limestone below, and the comparatively 
competent Middle and Upper Fars and Bakhtiari formations above. The saline beds 
behave like a lubricant and are responsible for the sliding of these higher rocks over 
the lower, causing an extreme structural discordance between the higher formations 
and the under-lying Asmari limestone. 


The term “diapir” has, moreover, already been applied so often to tectonic 
structures, which have no connection, that its meaning is to-day very obscure. 
A paleontological sketch shows the extension of the principal beds. 

A geologic map, scale roughly 1:5,000,000, illustrates the chapter. The 
boundaries on it are drawn, with very few exceptions, from the geologic map 
of the world by Fr. Beyschlag,® scale 1: 15,000,000. Many of the details given 
on it are incorrect. 

Chapter IV is devoted to the petroliferous formations. The author notes 
the reservoir character of the “main limestone” (Eocene, Oligocene, Asmari), 
and then describes some outcrops of gypsum, salt, salt water, sulphur, and 
petroleum. 

The problem of the “mother-rocks”’ is discussed in Chapter V. The au- 
thor admits that these are Eocene, Oligocene, Asmari, and Lower Fars rocks 
with salt facies. 

A paragraph on prospecting gives an account of the research work done 
and discusses analogies with other beds. 

Finally, Chapter VI (pp. 142-206) discusses questions of economic char- 
acter: permits, concessions, interested companies, production, transport, et 
cetera. 

Mr. Nicolesco’s book shows us how difficult it is to present a geologic 
synthesis of a country concerning which so little has been published: a few 
pages of critical summary of the data contained in the bibliography would cer- 
tainly have been of great service, whereas the same data distorted and spun 
out in 140 pages of inaccurate French are of much less use. 


H. pE CIZANCOURT 
Paris, FRANCE 


RECENT PUBLICATIONS 


CANADA 
“Oil and Gas in Western Canada,” by G. S. Hume. Canada Geol. Survey 
Econ. Geol. Ser. 5 (Ottawa, 1933). 2d. ed. 359 pp., 26 figs. Size, 6.5 X9.75 
inches. Paper. Price, $0.75. 
GENERAL 
Die Orogentheorie (Orogenic Theory), by L. Kober. Gebriider Borntraeger, 
Berlin (1933). 184 pp., 50 figs. Size, 6X9 inches. Price: paper, 14.80 RM.; 
cloth, 16 RM. 
® G. M. Lees, “‘Salt—Some Depositional and Deformational Problems,” in “Sym- 
posium on Salt Domes,” Jour. Inst. Petrol. Tech., Vol. 17 (1931). 
TP. 263. 
8 Fr. Beyschlag, Geologische Karte der Erde (Berlin, 1929-1932). 
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The Deformation of the Earth’s Crust, by Walter H. Bucher. Princeton 
University Press (New Jersey, 1933). 531 pp., 100 figs. Size, 23 cm. Cloth. 
Price, $5.00. 

“Catalogue of Small-Scale Geologic Maps,” by W. H. Bucher et al. Natl. 
Research Council Div. Geol. & Geogr. Rept. of Com. on Tectonics (Washington, 
D. C., April 22, 1933). 138 mimeog. pp. Useful for broader regional studies, 
with chief emphasis on modern maps. North America, Alaska, Canada, 
United States, Mexico, Central America, West Indies. Prepared under au- 
spices of committee on tectonics, G. R. Mansfield, chairman. Price, $1.00. 

“Representation of Structural Data on Geologic Maps,” by D. F. Hewett, 
George W. Stose, and G. R. Mansfield. Natl. Res. Coun. Div. Geol. Geogr. 
Rept. Com. Tectonics Exhibit B (Washington, D. C., April 22, 1933). 5 
mimeog. pp. and 4 notebook sheets of symbols. The symbols have been ap- 
proved by the director of the U. S. Geological Survey. They are of particular 
interest to those who have to do with the construction of geologic maps. 
For the report, apply to: National Research Council, 2101 Constitution Ave- 
nue, Washington, D. C. Free. For the symbols, apply to: Director, U.S. G. S., 
Washington, D. C. Free. 

“Sedimentation und Erdélmuttergesteine” (Sedimentation and Petro- 
leum Mother Rocks), by Fritz-Erdmann Klingner. Petrol. Zeits. (Berlin), 
Vol. 30, No. 1 (January 3, 1934), PP. 9-14; 3 figs. 


GEOPHYSICS 


‘“‘A Contribution to the Theory of the Interpretation of Resistivity Meas- 
urements Obtained from Surface Potential Observations,” by R. J. Watson. 
Amer. Inst. Min. Met. Eng. Tech. Pub. 518 (1934). 34 pp., 26 figs. 29 West 
39th Street, New York. 

“A Magnetic Gradiometer,” by Irwin Roman and Thomas C. Sermon. 
Amer. Inst. Min. Met. Eng. Tech. Pub. 542 (1934). 17 pp., 6 figs. 


GERMANY 


“Das Erdél in Deutschland und die Frage seiner Aufsuchung” (Petroleum 
in Germany and the Search for It), by A. Bentz. Petrol. Zeits. (Berlin), Vol. 
29, No. 50 (December 20; 1933), pp. 4-8; 1 fig. 


JAPAN 


“The Upper Cretaceous Oil-Bearing Sedimentary Rocks of Hokkaido, 
Japan,” by Kunio Uwatoko and Ken-itiro Ohtatsume. Hokkaido Imp. Univ. 
Jour. Faculty Science, Ser. 4, Vol. 2, No. 2 (1933), pp. 133-61; 9 figs. 


MEXICO 


“The Permian of Southwestern Coahuila, Mexico,” by Robert E. King. 
Amer. Jour. Sci. (New Haven, Conn.), Vol. 27, No. 158 (February, 1934), 
pp. 98-112; 4 figs. 

TURKEY 

“Das Erdélvorkommen bei Pulk (Tiirkei)’”’ (Petroleum Indications near 
Pulk, Turkey), by Gr. Petunnikov. Petrol. Zeits. (Berlin), Vol. 29, No. 50 
(December 20, 1933), pp. 12-15; 8 figs. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 18, NO. 3 (MARCH, 1934), PP. 384-427 


THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR 
PUBLICATION 


The executive committee has approved for publication the following can- 
didates for membership in the Association. This does not constitute an elec- 
tion, but places the names before the membership at large. If any member 
has information bearing on the qualifications of these nominees, he should 
send it promptly to J. P. D. Hull, business manager, Box 1852, Tulsa, Okla- 
homa. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 
J. H. Derden, San Antonio, Tex. 


Martin Matson, Ed. W. Owen, Herschel H. Cooper 
Henryk Bronislaw Stenzel, College Station, Tex. 


John T. Lonsdale, Frederick A. Burt, B. Coleman Renick 


FOR ASSOCIATE MEMBERSHIP 
John Haviland Maxson, Pasadena, Calif. 


John P. Buwalda, Ian Campbell, R. D. Reed 
Lawrence O’Donnell, New Iberia, La. 


R. A. Steinmayer, Albert G. Wolf, R. B. Paxson 
Bernard Wasserfallen, Miri, Sarawak 


D. Trumpy, C. W. Tiedemann, Richard E. Koch 
Henry Rollins Wofford, Jr., San Antonio, Tex. 


B. Coleman Renick, John R. Sandidge, John T. Lonsdale 


FOR TRANSFER TO ACTIVE MEMBERSHIP 
W. Blair McCarter, Houston, Tex. 
L. T. Barrow, L. P. Teas, Wallace E. Pratt 
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THE ASSOCIATION ROUND TABLE 


FINANCIAL STATEMENT, 1933 


To the Executive CoMMITTEE, 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS, 
Tusa, OKLAHOMA 

We have examined the accounting records of THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS for the year ended December 31, 1933, from which the follow- 
ing statements have been prepared: 

Exhibit 
A Statement of Financial Condition as at December 31, 1933. 
B Statement of Income for the year ended December 31, 1933. 
Statement of Income from Publications for the year ended December 31, 


1933. 

D Statement of General and Administrative Expenses for the year ended De- 

cember 31, 1933. 

Cash in Banks was confirmed by the depositaries; Reserves of $2,536.00 have been 
provided for Accounts Receivable from Members and Others; Inventories of Printed 
Matter are at current appraised values and represent the supply of publications to 
meet anticipated requirements; Investments were verified by inspection or confirma- 
tion from the depositaries and are stated at market value. 

During the year 1933 the Association reduced the Active Membership annual dues 
from $15.00 to $12.00 and the Associate Membership annual dues from $10.00 to 
$8.00. The amount of dues transferred to Income from Bulletins was accordingly 
reduced from $8.00 to $6.00. 

At December 31, 1933, the Association had entered into Contracts for the printing 
of “Problems of Petroleum Geology” and the estimated cost thereof of approximately 
$4,500.00 is not reflected in the attached statements. 

Subject to the foregoing, in our opinion, the accompanying statement of Financial 
Condition and rélated Statements of Income and Expenses respectively correctly re- 
flect the financial condition of THe AMERICAN ASSOCIATION OF PETROLEUM GEOLO- 
cists at December 31, 1933, and the results of its operations for the year ended on that 


date. (Signed) ArtHur Younc & Co. 


Tutsa, OKLAHOMA Accountants and Auditors 


January 31, 1934 
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EXHIBIT C 
STATEMENT OF INCOME FROM PUBLICATIONS FOR THE YEAR ENDED DECEMBER 3}, 4 


General Fund—Bulletins Publication Fund 
OPERATING INCOME: 
Dues Transferred— 
Active Membership 
Associate Membership 


$10, 332.00 


Sale of Bulletins— 
Subscriptions 
Advertising 


6,028.68 
$16, 360.68 


Sale of Bound Volumes and Special Pub- 

lications— 
Bound Volumes ; $ 1,711.70 
Back Numbers 485.02 
36.60 
Alberta Symposium : 22.80 
Structure I , 260. 26 
315-93 
159.85 
3555-73 


$ 2,572.05 $3,975-84 


TOTAL OPERATING INCOME $18,932.73 $3,975-84 
OPERATING COSTS: 
Manager’s Salary (Proportion) 
Editorial Secretary’s Salary 
Cost of Printing Bulletin 
Cost of Engraving 
Cost of Printing Separates 
Stencil Corrections and Mailing 
Binding Volume XVI 
Geology of California—Printing and 
Binding 
Copyright Fees 
Discount on Publications 
Postage—Bulletin 
Purchase of Back Numbers 


$ 2,545.24 
31533-60 
7+773-95 
1,195.05 

198.05 
133-72 
406.30 


2,571.06 
24.00 
49-99 

533-95 
17-50 


$2,694.65 $18,981.51 


wn 


INVENTORY: 
December 31, 1932 $1,086.60 $17, 159-70 
December 31, 1933 1,838.71 15,259.70 


Decrease (— Increase) $—752.11 $ 1,900.00 


Total Cost of Publications Sold. . $18,938.97 $ 1,942.54 


Net Income (—Loss) from Pub- 
lications—Transferred to Ex- 


$ -—6.24 $ 2,033.30 


Total 
$ 8,5 
17) 
$ 3,339-13 $ 3,339.13 
eee 2,689.55 2,689.55 
$16, 36 
$ 6,54 
| 
$16, 286.86 
$20, 881 
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EXHIBIT D 


STATEMENT OF GENERAL AND ADMINISTRATIVE EXPENSES 
FOR THE YEAR ENDED DECEMBER 31, 1933 
GENERAL FUND: 
Manager’s Salary (Proportion) 
Clerical Salaries 
Office Rent 
Telephone and Telegraph 
Postage—General 
Printing and Stationery 
Office Supplies and Expenses 


Traveling Expenses (National Research Council) 
Freight and Express 


Exchange and Refunds 


Donations to Society of Economic Paleontologists and Mineralogists. . 
Dallas Meeting 
Miscellaneous 


TOTAL—GENERAL FUND 
PUBLICATION FUND: 


$10, 812. 


1, 19 
9-19 é 
8: 7-67 
3 
1,7) 5-99 
1.37 
10, 34 5-04 
0.68 
136 348.00 
22.15 
§-23 
Depreciation of Office Furniture and Fixtures..................... 329.43 
$10,795.38 
= TOTAL—TRANSFERRED TO EXHIBIT B.........................+ 28 
1903) 
ST . 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
MEMBERSHIP LIST 


MarcH 1, 1934 


HONORARY MEMBERS 


The executive committee may from time to time elect as honorary members persons who have con- 
tributed distinguished service to the cause of petroleum geology. Honorary members shall not be required 
to pay dues.—Sec. 6, Article III, of the Constitution. 


LIFE MEMBERS 


The executive committee may oe life membership to members who have paid their dues and are 
otherwise qualified.—Sec. 2, Article III, of the Constitution. a 

On the payment of three hundred dollars ($300.00) any member in good stan shall be declared a 
life member and thereafter shall not be required to pay annual dues.— Sec. 2, Article I, of the By-Laws. 


MEMBERS 


Any n one in the work of petroleum geology or in research pertaining to petroleum geology 
or techno! is eligible to active membership, provided he is a graduate of an institution of collegiate 
standing, in which institution he has done his major work in geology, or in sciences fundamental to pe- 
troleum geology, and in addition has had the equivalent of three years’ experience in petroleum geology 
or in the application of these other sciences to petroleum geology or to research in petroleum geology or 
technology; and provided further that in the case of an applicant for membership who has not had the 
required collegiate or university training, but whose standing in the profession is well recognized, he shall 

admitted to membership when his application shall have been favorably and unanimously acted upon 

by the executive committee; and provided further that these requirements shall not be construed to ex- 

ude teachers and research workers in —— institutions whose work is of such character as in the 
opinion of the executive committee shall qualify them for membership. 

Active members alone shall be known as members.—Sec. 1, Article III, of the Constitution. 


ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall here be interpreted as 
meaning as much as sixteen recitation or lecture periods of one hour each, or the equivalent in laboratory) 
in a reputable institution of collegiate or university standing, or who has done field work equivalent to 
this, is eligible to associate membership, provided at the time of his application for membership he shall 
be eng in geological studies in an institution of collegiate or university standing, or shall be engaged 
in petroleum geology; and any person who is a graduate of an institution of collegiate standing, in which 
he done his major work in sciences fundamental to petroleum geology or petroleum technology and 
who has had the —a of one year’s experience in the application of his science to the study of 

troleum geology, shall be eligible to associate membership, provided at the time of his application for mem- 
p he shall be engaged in investigations in the —- 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that they shall not 
hold office, sign applications for membership, or vote; neither shall they have the privilege of advertising 
their affiliation with the Association in professional cards or professional reports or otherwise.—Sec. 3, 
Article III, of the Constitution. 


ler subject of petroleum geology and technology. 
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HONORARY MEMBERS 
(**Deceased) 


Decker, Charles E., 508 Chautauqua Ave., Norman, Okla. 
**Dumble, E. T. 

Goodrich, Harold B., 1628 S. Cincinnati, Tulsa, Okla. 
Hill, Robert T., Hotel Commodore, Los Angeles, Calif. 
Orcutt, W. W., Union Oil Company Bldg., Los Angeles, Calif. 
**Salisbury, R. D. 

Smith, George Otis, 2137 Bancroft Pl., Washington, D.C. 
**Udden, Johan August 

**yon Hofer, Hans Hofrat 

White, David, U. S. Geological Survey, Washington, D.C. 
**White, I. C. 


COMPLETE LIST OF MEMBERS, ASSOCIATES, HONORARY 
MEMBERS, AND LIFE MEMBERS 


EXPLANATION OF SYMBOLS 


*Honorary member. tLife member. ||Associate. Members are not marked. The year refers to the date of 
election to the Association, not necessarily to class of membership. 


||Abbott, John L., 1007 Fort Worth Natl. Bank Bldg., Fort Worth, Tex.......... 27 
Absher, William F., Geological Dept. , Empire Gas & Fuel Co., Bartlesville, Okla.. .’20 
Ackers, A. L., Stanolind Oil & Gas Co., Box 758, Midland, Tex................... 25 
Adams, Frank C., Gem Oil Co., 1506 Esperson Bldg., Houston, Tex............. 27 
Adams, W. C., Deep Rock Oil Corp., Atlas Life Bldg., Tulsa, Okla............... 24 
Addison, Carl C., 3032 N. Twenty-First St., Kansas City, Kan................... "30 
Adler, Joseph L., 126 Garnet St,, Houghton, 
Aguerrevere, Pedro I., Sur.3, No. 94, Caracas, Venezuela, S.A................... 24 
Aguerrevere, Santiago E., Sur. 3, No. 94, Caracas, Venezuela, S.A............... 24 
Aid, Herbert, c/o Mrs. J. Lide Weaver, 2001 Hemphill St., Fort Worth, Tex...... 28 
Ainsworth, David, 604 N. Fountain Ave., Wichita, Kan......................... "a3 
Ainsworth, William L., 301 N. Yale St., Wichita, Kan...............5......... "21 
Aitken, William E., Huntley & Huntley, Grant Bldg., Pittsburgh, Pa............ 32 
Albertson, Maurice M., Shell Petr. Corp., Box 2099, Houston, Tex............... ”20 
Albrecht, Helmuth, Burbach-Kaliwerke Aktiengesellschaft, Kaiser-Otto-Ring. . .’25 
\|Alcorn, Avary Hunt, 602 Citizens Natl. Bank Bldg., Tyler, Tex. (Mail returned). .’32 
Aldrich, G. Frank, 2024 Wilshire Blvd., Fort Worth, Tex....................... 25 
png A.M., 18 E. One Hundred N inety-Ninth St., Now Youk, N. ¥......... 31 
Alexander, C. I., Magnolia Petr. Co., Shreveport, 27 
Allan, John Andrew, University of Alberta, Edmonton, Alta., Canada............ 30 
a Thomas H., Stanolind Oil & Gas Co., 417 First Natl. Bank Bldg., Wichita, ’, 
Allen, Devere F., 3000 Somers Court, Topeka, ’29 
Allen; E. G., 201 El Morado Court, Ontario, Calif. (Mail returned).............. "s7 


Allison, A. P., Sun Oil Co., 820 Esperson rere "a1 


> 


392 MEMBERS 


Althaus, H. E., Astra Romana, Campina, Roumania 

Ambrose, A. W., Empire Gas & Fuel Co., Bartlesville, Okla 

Ames, Edward W., Box 169, San Antonio, Tex 

Anderson, Frank M., 58 Hillcrest Rd., Berkeley, Calif 

Anderson, J. L. , Tropical Oil Co., El Centro, — S.A 

||Anderson, Richard S., Drawer 2040, Tulsa, O 

Anderson, W. D., 1718 ‘Milam Bldg., San pen Tex 

Andrau, E. W. K. ., Shell Petr. Corp., Houston, Tex 

Andrews, Philip, Venezuela Gulf Oil Co., Ciudad Bolivar, Venezuela, S. A 
\|Angle, W. M., 1811 Esperson Bldg. , Houston, Tex 

Apfel, Earl T. , Dept. of Geology, Syracuse University, Syracuse, N. Y. 
Applin, Paul ee 2200 Edwin Ave., Fort Worth, Tex 

Argabrite, William Graeme, Box 33, Lewisburg, W. Va 

Arick, Millard B., Box 938, McCamey, Tex 

|| Armor, Mildred V. 3711 Classen Blvd., Oklahoma City, Okla 
Armstrong, Earle N., 3902 Cheyenne Rad., Amarillo, Tex 

Armstrong, Harold K., Room 838, 727 W. ‘Seventh St., Los Angeles, Calif 
Armstrong, J. M., Sinclair Prairie Oil & Gas Co., Box 1990, Fort Worth, Tex 
Arnold, Harry H. "Jr., 749 E. Liberty St., Clarion, Pa 

\| Arnold, Henry Barnsdall Oil Ce., Box 2039, Tulsa, Okla 

Arnold, ‘Ralph, 1201 E. California St., Pasadena, Calif 

Aronson, Sam M., Atlantic Oil Prod. Co. , 701 Magnolia Bldg., Dallas, Tex 
Artman, George W., 2733 N. W. Seventeenth St., Oklahoma City, Okla 


2 
Athy, Lawrence F., Geophysical Div., Continental Oil Co., Ponca City, Okla..... 


Atkinson, William H., 26th Floor Ramsey Tower, Oklahoma City, Okla 

Atwill, E. R., Box 126, San Gabriel, Calif 

Aurand, Harry A., 1350 Bellaire St., Denver, Colo 

Aurin, Fritz L. = Southland Royalty Co., Ponca City, Okla 

Autry, Vernon E., Humble Oil & Refg. Co. , Box 299, Wichita Falls, Tex 

Avery, C. Dwight, U.S. Geological Survey, : 3240 Interior Bldg., Washington, Dp... 


Bace, A. C., Stanolind Oil & Gas Co., Philcade Bldg., Tulsa, Okla 2 
Bacon, Charles S. , Jr., Dept. of Geology, Riverside Junior College, Riverside, Calif.. ; 


Baden, Martin W., Box 520, Winfield, Kan 
Bagg, Rufus M., Box 386, Appleton, Wis 
\|Bailey, Donald G. Kensington Rd., Los Angeles, 


Calif 3 
Bailey, James P., N. V. Ned. Pac. Petr. Mij. -, 26 Tanah Abang West, Batavia-Cen- 


trum, Java, ’D.E.I 
||Bailey, Joe, 1201 E. Eleventh St., Winfield, Kan 
Bailey, Thomas L., Box 713, Ventura, Calif 
Bain, H. Foster, Copper & Brass Research Assoc. , 25 Broadway, New York, N. Y.. 
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EPHRAIM NOBLE LOWE 


In the passing of Ephraim Noble Lowe, the University of Mississippi 
lost a teacher; the community, a friend; the Geological Survey, a director; 
Mississippi, a citizen; Pennsylvania, a wanderer; the Quakers, a son; the 
South, a gentleman; the North, a grandson; Nature, a nobleman—though 
Heaven gained a soul. Genial, gentle, generous, he was ever the delight of his 
friends. It is said of him that he belonged to the Old School; rather, he be- 
longed to the Rare School, the one whose members are so few. 

His work can never be dissociated from the man. In fact, his greatest 
work was the development of the man, the gentleman, the life—the gentle, 
quiet life that left its benevolent influence on student and colleague, on all 
who came in contact with it. His next greatest work, perhaps, was the direc- 
torate of the State Geological Survey from 1909 to his death in 1933, for 
truly none other than a genial, gentle, generous soul could have kept cour- 
ageously on to the end on such pitiful appropriational support. Of the quarter 
of a century, he writes, that “Except for the years 1920-1921, the Geological 
Survey has always been handicapped by inadequate financial support.” 

Notwithstanding these meager appropriations, he was able, as director, 
to issue 17 bulletins (including two on Forestry and one on Plants), a special 
report on Archeology, and, in coéperation with the United States Geological 
Survey, a report on the Ground Water Resources. He directed, in addition, 
the publication of a number of shorter papers, press reports, and administra- 
tive reports—two of the last including (1) a History of the Survey and (2) Pe- 
troleum Possibilities. Besides all of these reports, he was able to issue, in 
coéperation with the United States Department of Agriculture, 40 detailed 
county soil reports and maps, and, in codperation with the United States 
Geological Survey, 30 odd topographic sheets or advanced proofs thereof. 
In a few instances, however, some of these reports were possible only because 
of his fine enlistment of codperation of others—one report being based en- 
tirely on a private survey costing thousands of dollars, and another, partly 
on the laboratory identification of material studied in a great eastern school 
of technology. These are the visible fruits of his directorship. Less conspicuous 
but no less real, were his untiring efforts to stimulate within the state the 
utilization and conservation of the soil resources, the development of the oil 
and gas industry, the hydro-electric potentialities, the clay industry, and 
others. 

Like so many of the earliest geologists and paleontologists, Dr. Lowe was 
trained in the School of Medicine. Accordingly, he belongs to that fine school 
of naturalists manifest by the variety of his efforts and by the range of his 
publications. While lack of space prohibits the listing of the 30 or more titles 
of his published reports, a few of the more important should be mentioned. 
His “Geology, Geography, Soils, and Mineral Resources of Mississippi,” first 
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published as Bulletin 12 (1915), and later revised as Bulletin 14 (1919), and 
finally as Bulletin 20 (1925), is an excellent summation of all existing geologic 
knowledge of the state at the time of the respective editions. His “Plants of 
Mississippi,”’ published as Bulletin 17 (1921), reveals the breadth of his inter- 
est and perhaps his most pretentious effort. His contribution to the Coastal 
Plain stratigraphy of Mississippi in the form of a report on the Midway and 
Wilcox, which appeared as Bulletin 25 the year of his death (1933) is, perhaps, 
his most scientific work. His Biblical story, The Tishbite, published by The 
Stratford Company of Boston (1923), manifests his literary skill. 

Ephraim Noble Lowe was born near Utica, Hinds County, Mississippi, 
May 5, 1864, the son of Edmund F. Lowe (1823-1902), the son of Daniel Lowe 
(1800-1845), the son of Daniel Lowe ( » —— Mississippi, ), the 
son of John Lowe (North Carolina, 1726—Georgia, 1800), a soldier in the 
War of Independence. John Lowe was, according to the record furnished, a 
descendant of the Quakers under Penn in Pennsylvania, a branch of the 
Quakers from Plymouth, Massachusetts, a branch of the Quakers from Eng- 
land. Thence the name seems to extend to Belgium (as Lewes) and to Ger- 
many (as Léwe). Ephraim’s mother, Emiiy Minerva Peyton (1833-1873), the 
second wife of his father, was a descendant of the Peytons, also of England. 

Ephraim entered the University of Mississippi in 1879, and was gradu- 
ated in 1884 as a Bachelor of Philosophy. He was a member of the Sigma Chi 
fraternity. He pursued one year of post-graduate work in geology and biology 
in absentia during 1889. He attended Tulane University, which granted him 
the degree of Doctor of Medicine in 1892. 

He engaged in private geologic and biologic work in Colorado from 1887 
to 1889, and practiced medicine in Mississippi from 1892 to 1893. In 1893 
he returned to Colorado, where he remained until 1902, practicing medicine 
and indulging his biologic and geologic yearnings. Save for a vivid little 
Christmas story of duty and a dangerous mountain pass, little is recorded of 
this period of his life, but, no doubt, his soul was attuned to Nature as he 
roamed the wide expanses of the Rockies from Mexico to Montana, for he 
dearly loved God’s great outdoors. In 1902, he returned to Mississippi on the 
occasion of the death of his father. 

In 1904, he was appointed assistant in biology and geology at the Uni- 
versity of Mississippi, serving as such from 1904 to 1906 and attending the 
University of Chicago during the summers of 1904, 1905, and 1906. He then 
became acting professor of geology from 1906 to 1908, and professor of ge- 
ology and assistant State geologist from 1908 to 1909. He next served as di- 
rector of the Mississippi Geological Survey at Jackson from 1909 to 1924, 
when the Survey was returned to the University. From 1924 he served as 
both director and professor of geology until his death on September 12, 1933. 

Dr. Lowe was active in a number of scientific societies, civic organizations, 
and the church. He was a member of the Association of American State 
Geologists, The American Association of Petroleum Geologists, the Torrey 
Botanical Club, the National Drainage Congress (State vice-president, 1922), 
the Southern Water Power Association, the Southern Forestry Congress, the 
American Association of Soil Survey Workers, the National Economic 
League, the American Geographical Society, the American Association for 
the Advancement of Science, the Rotary Club, the Knights of Pythias, and 
the Methodist Episcopal Church, South. 
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On November 28, 1895, Dr. Lowe married Sarah M. Yeager of Wauseon, 
Ohio. To this union two children, Marguerite Emily (Mrs. Paul Warren 
Bucks), and Edmund Peyton, were born. Mrs. Lowe died on March 21, 1808. 
On May 14, 1903, Dr. Lowe married Laura Edna Haley of Utica, Missis- 
sippi, to whom was born a daughter, Edna May, now deceased. He is survived 
by Mrs. Lowe and the two children. The body was laid to rest in Old Bear 
Creek Cemetery, near Utica, the home of the Lowes for several generations. 

As in the beginning, so in the end: the World is poorer in the passing of a 
man; Heaven is richer in the gaining of a soul. 


WILLIAM CLIFFORD MorsE 


COLLEGE, MISSISSIPPI 
January 12, 1934 


JAMES EARL HOOVER 


Mr. Hoover’s early educational training was had in North Carolina, his 
native state. After graduating from high school in his home town of High 
Point, he entered the University of North Carolina, where he became inter- 
ested in geology under the teaching of Dr. Collier Cobb; however, he com- 
pleted his work for bachelor’s degree in the University of New Mexico, where 
he was graduated in geology with highest honors, in 1918. His honorary fra- 
ternity at New Mexico was Phi Kappa Phi (the equivalent of Phi Beta Kappa 
and Sigma Xi in larger universities) ; his social fraternity there was Pi Kappa 
Alpha, of which he was state secretary for Oklahoma after graduation. 

Hoover’s early field experience in geology was with the Empire and the 
Gypsy oil companies, in 1917 and 1918. His membership in The American 
Association of Petroleum Geologists dates from 1919, and he was a charter 
member of the Tulsa Geological Society. About 1921 he spent a year on the 
geologic staff of Agwi Petroleum Company, Tampico, Mexico. During sev- 
eral years he and the writer were connected in a partnership as consulting 
geologists with offices in Tulsa, Oklahoma City, and Fort Worth. In 1926 
Hoover joined the Bryan Petroleum Company, of Tulsa, as geologist, and 
was later a stockholder and officer until his death. His tireless energy as ge- 
ologist was directed almost altogether along economic lines, wherein he was 
unusually successful, as is attested by the dozen producing leases secured and 
developed through his approval and assistance and now owned by that sound 
and aggressive company. 

Following is a more personal review of Jimmy’s busy life. He was bese 
of William Albert and Della A. (Millikan) Hoover, at High Point, near 
Greensboro, North Carolina, July 27, 1894. Left fatherless at a very early 
age, young James had to thank an elder brother for much help and guidance, 
and was obliged to manage his higher education largely “‘on his own.” This 
he did with evidently commendable success, his talents being of practical as 
well as of academic excellence. 

On January 22, 1922, he married Miss Irma Holbert, of Tulsa. Three 
children were born to the union: an infant son, James Kirk Hoover, died in 
1923; two daughters, Frances Elizabeth and Mary Helen, aged 10 and 8 
years, respectively, are left with their mother. Jimmy’s elder brother, already 
mentioned, also survives. 
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The deceased was a Mason and an Elk. Besides ascending the scale of 
Masonry to the 32d degree he had served his home lodge in all its chairs, 
being its Master in 1932. Thus in lodge work, as elsewhere, he always strove 
for the top; yet he was ever helpful and uplifting toward a worthy brother, 
and was therefore buried with high Masonic honors. Jimmy’s other side lines 
were hunting (he was a crack shot), golf, tennis, and bridge. He was a member 
of Cedar Crest Country Club and of the Totem Club—past president of the 
latter. 

A combination of winsome personality, genial friendship, vigorous energy, 
sterling integrity, and capable management had won him singular success at 
an early age; and his many lovable characteristics had so constantly endeared 
him to family and friends as to render his life lines indelible in the memory of 
all of us. 

He died at his home in Tulsa, on January 25, 1934, of pneumonia com- 
plicated by heart trouble, after an illness of 5 days. An untimely death; yet 
he somehow crowded a complete lifetime into less than 40 years. 


CuHar_es T. Kirk 


Tusa, OKLAHOMA 
February 5, 1934 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF 
THE PROFESSION 


SPECIAL SLEEPERS TO DALLAS 


For the convenience of Association members in the north and east who 
will attend the nineteenth annual meeting in Dallas, March 22-24, the Mis- 
souri-Kansas-Texas Railroad will operate special through sleepers for mem- 
bers of the Association from St. Louis to Dallas, attached to their crack 
trains which also have new air-conditioned dining cars and sun-parlor lounge 
cars with radio. Members can make reservations through their nearest M-K-T 
representative, or through the representative of the railroad serving their 
home city. Members attending from Kansas City and Tulsa will be on the 
same train upon arrival in Dallas. 


Lv. St. Louis M-K-T “Texas Special”’ 6:30 P.M. March 
Lv. Kansas City 10:10 P.M. 
Ar. Dallas 12:15 P.M. 


Lv. St. Louis “Bluebonnet” 1:40 P.M. 
Lv. Kansas City 4:35 P.M. 
Ly. Tulsa 10:00 P.M. 
Ar. Dallas 7:45 A.M. 


Lv. St. Louis M-K-T “Texas Special” 6:30 P.M. 
Lv. Kansas City 10:10 P.M. 
Ar. Dallas 12:15 P.M. 


The Ninth International Congress of Pure and Applied Chemistry will 
be held on April 5-11, 1934, at Madrid. Detailed information may be ob- 
tained by addressing the general secretary, Apartado 8043, Madrid (8), 
Spain. 

The Eastern District meeting of the Division of Production of the Ameri- 
can Petroleum Institute will be held at State College, Pennsylvania, April 
6 and 7, according to the announcement of J. J. MonTGomERY, JR., of the 
United Natural Gas Company, Oil City, Pennsylvania, chairman of the East- 
ern District. This year’s Petroleum and Natural Gas Conference of the Penn- 
sylvania State College Mineral Industries Division is being dispensed with to 
allow the American Petroleum Institute to hold its meeting there. 

In January, Professor J. HARLAN JOHNSON, of the Colorado School of 
Mines, Golden, was elected a vice-president of the Geological Society of 
France. 

At a meeting of the Tulsa Geological Society, February 5, G. H. WESTBY, 
vice-president of the Seismograph Service Corporation, spoke on ‘‘Problems 
in Reflection Seismology.” 
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C. W. SHANNON, former head of the Oklahoma Geological Survey, and 
more recently Cleveland County relief supervisor, died February 1, at his 
home at Norman, Oklahoma, at the age of 55. 


J. B. DrRacusaNvu, formerly with the Columbia Gas and Electric Corpora- 
tion, Pittsburgh, Pennsylvania, is now at 25, Rue Saussure, Paris, 17, France. 


H. F. Sm1vey has resigned his position as geologist for the Deep Oil De- 
velopment Company, at Wichita Falls, Texas, and is operating independ- 
ently. 


Tuomas C. Witson has changed his address from the Venezuela Gulf 
Oil Company, Maracaibo, Venezuela, to the Colombian Petroleum Company, 
Apartado 100, Cucuta, Colombia, S. A. 


Everett C. PARKER, formerly of Alice, Texas, may be addressed at 319 
S. Carancahua, Corpus Christi, Texas. 


Wipur H. SErrert, formerly with St. Marys Natural Gas Company, 
St. Marys, Pennsylvania, is now with the United Natural Gas Company in 
the Millstone field. His address is R. F. D., Hallton, Pennsylvania. 


THORNTON Davis, in the geological department of the Simms Oil Com- 
pany, San Antonio, Texas, was recently elected president of the San Antonio 
Petroleum Club. 


J. Brian Esy, geologist and geophysicist of Houston, Texas, spoke before 
the Houston Geological Society, February 1, on the ‘““North German Salt 
Dome Basin.” 


E. H. SELLARDS, director of the Bureau of Economic Geology, Univer- 
sity of Texas, Austin, is to administer a $3,000 grant from the Penrose Fund 
of the Geological Society of America, intended for a group study to establish 
more satisfactory criteria for the stratigraphic correlation of the Mississip- 
pian, Pennsylvanian, and Permian sediments in Texas. It will require the work 
of four members of the Bureau of Economic Geology and all of 1934 to com- 
plete. 


GrorcE C. McGueEzE, of the geophysical department of the Continental 
Oil Company, at Victoria, Texas, was recently selected as the Rhodes scholar 
from his district. 


C. A. WaRNER, formerly assistant chief geologist of the Houston Oil 
Company, Houston, Texas, has been made superintendent of the newly 
formed separate land department of that company. PHiLLip F. MARTYN con- 
tinues as head of the geological department. 


James E. Hoover, secretary-treasurer and geologist for the Bryan Petro- 
leum Company, Tulsa, Oklahoma, died January 25, at the age of 38. 


Cor S. Mitts has recently been engaged as geologist for Pugh-Hickman 
Drilling Company, Shreveport, Louisiana. 


Burr McWurrt was recently employed by the Shell Petroleum Corpora- 
tion for geological work. His headquarters are at Houston, Texas. 
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Wa ttace C. THompson, formerly district geologist for the Sun Oil Com- 
pany, Tyler, Texas, has been transferred to Houston and promoted to the 
position of chief geologist for the General Crude Oil Company. Both com- 
panies are controlled by the Pew estate, the latter, which was formerly known 
as the Cranfill-Reynolds Company, having recently been purchased by them. 


M. G. CHENEY, president of the Anzac Oil Corporation, Coleman, Texas, 
was the principal speaker at the monthly meeting of the West Texas Geo- 
logical Society in San Angelo, Texas, February 3. His paper was on “‘The 
Concho Arch.” 


Rosert Brown, geologist with the Amerada Petroleum Corporation, 
formerly located at Shawnee, Oklahoma, has been transferred to the Houston, 
Texas, office of the company. 


Donatp C. Barton has closed his consulting office in Houston, Texas, 
and accepted a position as consulting and research geologist for the Humble 
Oil and Refining Company. 


A. Irvinc LEvorsEN has been made chief geologist of the Tide Water 
Oil Company of Oklahoma, and will be located at Houston, Texas. 


A. W. Laver has resigned his position as division geologist of the Okla- 
homa-Kansas-Kentucky division of The Texas Company, effective March 1, 
to pursue certain researches in geology. 


SHELLEY Krasnow, manufacturer of scientific instruments, 817 G Street, 
N. W., Washington, D. C., has been licensed by the Carnegie Institution of 
Washington to build the Gish-Rooney earth resistivity apparatus and is pre- 
pared to furnish it to anyone interested. 


W. C. Spooner, consulting geologist of Shreveport, Louisiana, has moved 
his office to the Atlas Building, Shreveport. His mail address is Box 1195. 


W. F. CuisHowM, district superintendent in Louisiana and Arkansas for 
the Halliburton Oil Well Cementing Company, is severing his connections 
with that firm, effective April 1. His address is 2511 Highland Avenue, 
Shreveport, Louisiana. 
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